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STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

BACKGROUND GEOCHEMISTRY OF SOME ROCKS, SOILS, PLANTS,
AND VEGETABLES IN THE CONTERMINOUS UNITED STATES

BY JON J. CONNOR, HANSFORD T. SHAOCUETTE, and others

ABSTRACT

Omhrmiral summary statistics for -IB rlemrnis in natural materials
limn 1-17 kimUcatx- tinils have hern compiled basrd on field and
lalKiratotv similes since 1958. Kach landscape unit is briefly identified as
in kind and Irx-.uion. ;md the rxprrtnl concentration for one or morr
clctniiiis is jfivrn irigrihrr with factors indicating the degree of observed
v;iri;nion in I lie Miidy ;md the degrrr of laboratory or "analytical"
variation. Also listed are the observed range and the total number of
clitiim i analyvsm:Kl<- inearh study. Thr data on which these summaries
an- liasol have ilmr atiribuirs in common: They repmrni "large-tealc'"
»r ri-Rional gnu hi-niiciil undies; they represent background or
"oidinary" nauir.il gnK-hemicul v.irialiwn; and they were collected
anordiiiK in iilijciiivr vtmpling designs. The iiimmarir* clearly
clrmonsinitc tlw wiilr dixrnity to be expected in elemental properties of
lamlscipr units anil <uigge»i that published element abundances for
IniKut i;iifu<>ri«-s, liL«- "«iil" or "earbiinair rork" may be misleading.

INTRODUCTION

Increased public concern about real or suspected
ch<-mical deterioration of the environment, together with
a Rnwinj; awareness of the role of trace elements in health
and nutrition, underscores the need for realistic data on
the chemistry, particularly the trace element chemistry, of
the natural environment. A moderately voluminous lit-
rramre exists in which geochemical abundances of many
trace elements are summarized, but it deals largely with
rrx kv, less seems to he known (or at least less has been
published) about the distribution of traceelements in soil,
plants, and \\-nters. Some of the standard references on
trace element abundances in these materials are
Gnldschmidi (1954), Rankama and Sahama( 1955), Mason
(1958). and Turekian and Wedepohl (1961). More recent
summaries include Wedepohl (1967-1973), Shacklette,
Hamilton. Roemgen, and Bowles (1971) and Durum,
Hem, and Heidel (1971). In addition to these, the U.S.
Geological Survey is currently revising Clarke's (1924)
Data of Geochemistry. The revision is being published as
separate chapters of U.S. Geological Survey Professional
Paper -HO. Nearly a third of the projected chapters have

been published to date, including chapters summarizing
the composition of rocks (Parker, 1967) and waters (White,
Hem, and Waring, 1963; Livingstone, 1963). Because of its
well-known toxicity, mercury in the environment has
received as much or more attention than any other trace
metal. Three general references to mercury in the
environment are U.S. Geological Survey (1970),
Shacklette, Boerngen, and Turner (1971), and Jenne
(1972). General summaries of traceelements in soils and in
plant tissue are rare, although Shacklette. Sauer, and
Miesch (1970) gave trace element averages for a variety of
both, including foodstuffs, in Georgia.

Much of the extant information describing the "natural
condition" of the geochemical environment is of
unknown reliability. Generally, many of the data
(particularly the older data) on which the published
summaries are based were not collected to serve as guides
to background geochemistry. Rather, they may have been
collected to study such things as specific geochemical pro-
cesses, or to delineate mineralized areas, or perhaps to esti-
mate the degree of chemical pollution; in shon, samples of
natural materials tend tobe'collected for a variety of scien-
tific reasons but only rarely for the purpose of describing
the ordinary properties of the natural chemical environ-
ment.

One long-term U.S. Geological Survey effort, however,
has for its goal precisely this purpose. For more than a
decade now, personnel of the U.S. Geological Survey have
been engaged in several field projects in regional geo-
chemistry, the primary purpose of which has been to
describe the geochemical variation of broad natural units
in the United States. Fundamental to all these studies has
been the conscious attempt to measure the geochemical
variation as it occurs in nature. Some of this work has been
published, but most of it has not. Many studies are curren-
tly underway, and we anticipate that such studies will
continue.

Fl
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One such study merits special m^ujtm The U-S.
Geological Survey has recently completed a geocbemkal
suney of the State of Missouri, many aspects of which are
unique to environmental geochemistry. It not only is a
survey of a broad, geologically diverse area, but it was
undertaken partly in support of active, trace-ckment

of Missouri. Moreover, we think it is the first study of its
kind in which an attempt has been made to characterue
rocks, waters, soils, and plants chemically by a unified
ifftn appaftj^ tfring- (aiwl |f| pan <fff I "g) ^TMTfn^ f*** "^
jective «*"¥p****g' designs. 4jo*nwf and «**«••« (1972)
described this work in a preliminary way. Details of the
study are available in a tfrift of !'*"
progress repora (US. Geological Survey. 1972a-f. 1973).

The data tabulated in the present report represent the
work of many people. Principal investigators are listed
wim a short description of each study, and authorship is

ta* All ^agipuMishftd daca are ore-
The reader is <-*"****<iifd 'fa*1 Tff of l^tf data

tfiwn I^MV nav itf oihi^rff MI
The "T**ftg 'i*"g"* data analyses. a***| geochemical

> on which ihis repon is based are statistical in
ibe found

in Miesch (1967a. b. 1972). Connor and othen( 1972). and
Gxmor and Myers (1973).

t wouldAproperUstofacknowleugiaeutsfcirdus
than 100 people inriuding

in the field, laboratory, and office. Unquestionably, the
must important contnbuiors arc the i '***IHH

the iui rations of up to i
ts in more than 8.000 <a"**p**'s of rocks, soils, and

erial over a period of more than 10 years. They
are Lowell Artis. Phillip Aruscavage. J.W. Baker. A.J.
Band. SJ>. Boos. LA. Bradley. Floyd Brown. Mike
Brown. J.W. Budinsky. C.T. Burrow. CL Burton. AUce
Caemmerer. J.P. CahiU. E.Y. r^^t^i c.W. Ouoe. Don
Cole. E_F. Cooley. N.M. Conklm. WJt CrandeU. Mai
DeValliere. J J. Dumin, PJJX Bmore. E.J.
W.R Ficklin. J J, Fmky. FJ. Flanagan, LJX Fbnhey.
LC Frosu Johnnie raihtn. JJ. Cksm. WJX Com,
Frank Grimaldt. J.C HaasOton.T.F. Harms. JJ. Harris.
A.G. Haubm. R.G. Havcnt. RJl Heidd. A.W. Heh.
3*A Hinkk. Claude Huffman. Jr, ILL James, LB.
Jenkins. James Kdsey. Herfaen Kindtenbaum. B.W.
Lanthora,LM. Lee. I. W. Leong. HJt Lipp, Irving May. j
BA. McCall. R.E. McGregor. JJL McHugh. JJ>. Mensik. |
VJi Norm. Leung MeiRT.Millard. Jr.. DX. Moore. |
Roosevdt Moore. John Mordand. Wayne Mounrioy.A.T. j
Myers. H.M. Nakagawa. RG. Neiman. W.W. Niks. D.R. !

Norton. Utcana Oda. CSX Papp. LF. Rader. R.L
RahUl. LB, Riley. E.J. Rowe. JJ. Rowe. VX Shaw. G J).

Shipley. Leonard Shapiro. P.O. Simon. H. Smith. M.W.
Soli. A.L. Sutton. Jr.. D. Taylor. J-A. Thomas. Barbara
Tobin. J.E. Troxd. J-H. Turner. ILL. Turner. R.E. Van
Loenen. G.R VanSickle. JS. Wahlberg. FJI. Ward. E.P.
Welsdi. Roberta Wilkie. Ti. Yager. R.J. Young, and
R-A. Zielinski

METHODS OF STUDY
OBJECTIVES

The summary data listed herein have three common
characteristics and only data consistent with these attri-
butes have been included in the tables:

1. The data represent large-scale studies, in which an
it of regional g»"'lh*"«»"1 effects is one of the

objects of study. The definition of large-scale or regional is
somewhat arbitrary, but all studies listed herein involved a
conceptual natural unit whose geographic extension in at
least one direction is of the order of 80 km or more.

trations. Data
nr

pollution and cxher man-induced effects have been inten-
tionally f?whi'ifdi y*Tv** of iminHf fytact with the
atmosphere, plants may be more susceptible to the effects
of low-level, broad-scale * î*»»«i< ĵ pollution <rmn are soils
and rocks. The geochemistry of cultivated sous may. of
course, reflect agricultural practices. Nevertheless, only

tooc
3. The data were collected according to objective

experimental designs in an attempt to insure that
unbiased estimates of the "natural" variation were ob-
tained. The suit of samples underlying each summary sta-
tistic includes varietal samples in approximately the same
proportion that these varieties occur in nature. Com-
monly, such objectivity has been approached through in-
troduction of randomiiation procedures into selection of
the sampling sites. Nearly all of the sample suites were
analyied in a randomued sequence to circumvent any
potential effects of systematic labo ry

The samples on which these tabulations are based were
collected according to two general kinds of sampling
design. The more conventional design is one in which a
single sample of the material of interest was collected at
each of numerous sites spread rather evenly over the area of
study. A large number of studies, however, were based on a
second, more cumplicated sample design, one in which an
effort was made to quantify the effects of "regional"
variation and the factors underlying such variation.
Sample collection in these biter studies was based on
hierarchical designs in which samples were "nested" at
various geographic scales in order to assess the proportion
of geochemical variation exhibited at each scale.
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Krumbein and Slack (1956) discussed such designs and die
requisite mathematics in detail. The particular sample
design used for each field study is given under the descrip-
tion of that study in the following section.

Collection procedures in the field, tended to be
consistent from study to study. All rock samples were
taken from outcrop as single samples of a few kilograms
weight. They were collected from atrificial exposures as
well as from natural outcrop. These samples were
trimmed in the field or laboratory in an attempt to exclude
all visible weathering rinds or surface effects. Admittedly,
not all weathering effects are necessarily excluded thereby.

For the most pan, soils were collected at or near die
surface as single samples weighing about 1 kg. They were
commonly taken from shallow holes dug with spade,
geologic pick, or other metal tools. Special collrrtion
procedures were used in Studies 16, 18, and 19. Soils
collected from deeper parts of the soil horizon were
commonly taken from sides of large pits dug specifically
for sampling. Attempts were made to take soil that had not
been in contact with metal collecting tools. In studies 16,
18, and 19 the samples of soil material were sieved to
remove rock panicles larger than 2 mm in diameter before
the samples were pulverized. In the other soil studies the
rocks were removed from die samples by hand sorting;
therefore rock panicles somewhat larger than 2 mm in
diameter may have been pulverized with the soil material
of some samples.

Samples of native plants were commonly collected from
the terminal parts of branches over as much of the plant as
practical. In deciduous woody plants, stems of the
previous few years' growth were always collected; leaves
were rarely collected. For conifers, leaves (needles) and
stems were collected together. No attempt was made to
wash or otherwise clean the collected materials prior to
analysis. Elemental analysis of the cultivated plant
samples was performed on die edible parts of the plant
prepared as for eating but uncooked.

DESCRIPTIONS OF FIELD STUDIES

The locations of the individual field studies on which
the data in this report are based are shown in figures 1 and
2 and briefly described below by the principal
investigators who provided the data given in tables 5-53.

(Crannir rmfct of

STUDY NO. 1
«tr In *r h. tm

By RICHA«» J. EMM
Samples weighing a few kilograms each were collected

from outcrops of granite and rhyoliie of Precambrian age
in the St. Francois Mountains of southeastern Missouri
in the fall of 1970. Two samples were collected from each
of 15 randomly selected sampling localities in the granites
of the area, and a similar suite of samples was collected
from the rhyolites of the area. Ten randomly selected

samples were split into 2 parts and the entire suite of 70
was placed in a random sequence prior to analysis.
Preliminary r>- ilts of this study are given in U.S.
Geological Sujvc-y (1972e, p. IS). Study conducted by
Richard J.Ebrns.

STUDY NO. t
(Aitar at ihr Fnumun formaton o* Tumm\ Md Pm»nl.«iu«u *t in muni CulrnM

By A. T. MIOCH
Samples weighing a few kilograms each were collected

during the summer of 1966 from outcrops of arkose of the
Fountain Formation of Pennsylvanian and Permian age
east of the Front Range in central Colorado. Ten
randomly located samples were collected from each of 8
stratigraphic sections of the Fountain Formation. The
length of the outcrop belt was divided into four approx-
imately equal pans and two sections were randomly
located in cadi pan, Twenty samples were split and die
total suite of 100 was placed in a random sequence prior to
analysis. Study conducted by A. T. Miesch, Jon J.
Connor, and Terry Quinlan.

STUDY NO. 3
[Smfaonr. <Mr. mi aAamu lortu at ike Swk wqimcr tl PncMhrin. CnbriM. .ml

OffevkM *r «• the cmmk pm tt *t Wnm IMnd Sum]

By A. T. MIOCH
Samples weighing a few kilograms each were collected

from outcrops of the Sauk sequence of Sloss (1963) in the
Western United States during 1962-66. The stratigraphic
sequence consists largely of rocks of Cambrian and Early
Ordovician age although along the western edge of die
study area tome rode* of late Precambrian age are
included. Throughout the study area the interval typically
comprises a basal transgressive sandstone that is typified
by the Prospect Mountain Quartzite, Tapeats Sandstone,
and Flathead Sandstone, a thin overlying shale typified by
the Bright Angel and Pioche Shales, and a thick upper
carbonate interval typified by the Pogonip Group. Each of
the three lithic pans of this sequence exhibits a variety of
formational names in different places, and each lithology
was treated as a separate problem although die same
sampling design was used for each pan. Ten major
sampling localities approximately 400 km from each other
were distributed over the study area. In each locality, eight
stratigraphic sections were located in the following
manner. Two sections were located approximately 3 km
apan, another pair of two sections (also S km apan) was
located about 15 km from the first pair, another group of
four sections was located in a similar manner 80 km away.
Where possible within each section, 2 samples were
randomly located in die basal sandstone, 2 more in the
shale interval, and 2 in the overlying carbonate rocks for a
maximum of 6 samples per section and 48 per sampling
locality. In addition to the 10 major sampling localities, 10
minor localities were dispersed over the study area in an
attempt to occupy wide gaps between the major sampling
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Cbeiated
prairie

Unslaciated
prairie

Oak-hickory
forest

SO 100 KILOMCTRE3

EXPLANATION

Oak-hickory- *
pine forest

Cedar flade

Flood-plain
forest

Location of quadranflei where
natlvv plants ilid uncoltivsttd
loOi wwe aampM

Location of quadnui|l« where
field crops, pasture trasses, and
cultivated soils were sampled

1 K.I HK ".—Vi-j;ci:iii<in-iv|X' iiii'.is in MisMNiri. anil Itinuicni of qiuidnitifjlcs wlim- |>lnnu iitMl tutih WITT Kimpkil for Suulin 17. 20, and 24.
Map inoclifiiil from KfirhliT (100-1).
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isted of only two strati-
gnphk *eoions spaced about S km apart. In all. 200
samples of sandstone. 168 samples of shale, and 196
samples of carbonate rock were collected. The samples of
each lithk type were split into two pans and the entire
suite of each placed in a random sequence prior to
analysis. Study conducted by A. T. Miesch and Jon J.
Connor.

STUDY NO. 4

•yJo-J.Co-w.

kilogr : collected
from outcrops of die Sauk sequence of Slots (1963) in
Missouri and Arkansas in die fall of 1970. The
saaugraphk sequence consists largely of dolomitk rocks
of Cambrian and Early Ordovician age and involves
luttnrfnt* nan** tn»»MrioM(Ho**?af* lfr?*"ig, 1961)of

which die Bonneterre and Jefferson City Dolomites are
typical. Samples of carbonate rock were collected from sut

adgraphk sections radiating outward from
theSt-FE
divided into 10 pans of approximately equal dinkucss,
and 2 of these were randomly selected lor similar sub-
division into 10 para. Two of n^ieselauer pans (about 5 to
10 m in thickness) were randomly sekoed lor sampling.
and 2 samples were randomly tirffw™ from *IKT*. for a
total of 8 samples per section or 48 samples in alL A second
study baaed on thesamestraographicseciionicontiuedof

the Roubidoux Formation bom each section, lor a total of

along with other carfaonaie rocks bom Missouri (Study
No*. 6. 7. and 10). Fifteen samples of dw total were split
and die entire batch randomiaed prior to analysis. The

d along with other sand-
stones and chert from Missouri (Study Nos. 6 and 7).
Fifteen samples of die total were split and die entire suite

in U.S. Geological
aductcd by Jon J.

results of dwse two
Survey (1972e. p. 13-17).
Connor and Richard J.

STUDY MX •

•rJo-J-
Samples weighing a few kilograms each were collected

from outcrops of die following eight rock units in
Kentucky in 1964-65: Limraonr of Last Ordovician age;

and sandstone of Late Mississippiao age; and shale.
limestone, and sandstone of Pennsylvanian age. These
strata indwtf a large number of named formations, par-

ticularly those of Mississippian age in western Kentucky
where Chesierian rocks are well developed. Each unit was
sampled according to die following design: The State was
subdivided along latitude and longitude lines so that each
pan of the State underlain by rocks of Paleozoic age was
assigned to the appropriate 1-degree "cell" (or pan of a
cell). In each cell, two TH-minute quadrangles xvere
randomly selected from all diose in the cell which had
been geologically mapped since 1960 and which are under-
lain in pan by die particular unit to be sampled. Two
localities of a sixe about 300 by 450 m were randomly
selected from those pans of die Ttt-minute quadrangles
containing outcrops of die unit of interest and two
samples were collected from randomly located sites in each
locality. In all. 227 samples of carbonate rocks. 147 of
shale, and 136 of sandstone were collected. Each sample
was split into two pans for estimation of analytical error.
Not all samples were submitted for analysis at the same
tune, but die samples in each mhmitni were placed in a
random sequence prior to analysis. Because of their
sideritic nature. 15 of die carbonate rock samples collected
in diis study have been placed in a separate lithk category
in this compilation (Study No. 11). Published work based
on pans of this study includes Connor (1969). Connor and
Trace (1970). and Connor and Ebens (1972). Study
conducted by Jon J. Connor.

STUDY MO. •

Samples weighing a t collected
of sandstone, shale, and limestone of Pennsylvanian age in
Missouri Kansas, and northwestern Oklahoma in the fall
of 1970. Samples of each liduc type were collected from
four composite stradgraphic sections: two are located

80 km apan in northwestern Missouri and
arid die other two are located in

northeastern Oklahoma about 80 km apart. Each section
was Bifrdii>Mlffl imp 10 ip**1* of -M'yffiriifa'Hy equal
^ni^frnftT Two of Thftf nans which contained the
lidwlogy to be «""ipi«H were tflfCTT** randomly and
themselves similarly subdivided into 10 pans, of which 2
were randomly selected. In each of dwse latter pans, which

2-10 m duck. 2 samples of Use requisite liduc type
taken, making a total of 32 samples each of limestone,

and shale. The samples of limestone.
1 along widi other suitessandstone, and shale werea

of carfaonaie rocks (Study Nos. 4. 7. and 10). sandstone,
chen (Study Nos. 4 and 7). and shale (Study No. 7). Fifteen
samples of each suite were split into 2 pans and each lithic
suite was placed in a random sequence prior to analysis.
Preliminary results of diis study are in U.S, Geological
Survey (1972e. p. 22-24). and Connor and Ebens (1972).
Study conducted by Jon J. Connor and Richard J. Ebens.
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STUDY NO. 7
(Cirhmuir mrkv «hak-. ami rtirtl uf Mi*UMi|ipull iftr in MMiuri. <*UMW. and Ariumin|

By Jo.\ J. CONNOR

Samples weighing a few kilograms each were collected
from outcrops of carbonate rocks of Mississippian age in
Missouri, northeastern Oklahoma, and northern Arkansas
in the (all of 5070. The outcrop belt was divided into five
approximately equal segments and two stratigraphic
sections about 80 km apart were located in each segemnt.
Each section was subdivided into 10 approximately equal
stratigraphic pnris and 2 randomly located samples of
carbonate rock were taken from each of 2 randomly
chosen stratigraphic pans in each section, fora total of 40
samples. These samples were analyzed along with other
carbonate rocks from the same general area (Study Nos. 4.
6, and 10) and all were submitted for analysis in a
randomized sequence. Fifteen samples of the entire suite
werr split prior to analysis to estimate analytical error. A
geochrmical study of chert and shale interbedded with
these rocks was also undertaken. For chert, a sample
weighing a few kilograms was collected from the same
outcrop and approximately the same beds from which
each pair of carbonate rock samples was collected,
resulting in a total of 20 chert samples. For shale, 2
samples each weighing a few kilograms were randomly
collected from 9 of the 10 stratigraphic sections, resulting
in a total of 18 samples. The samples of chert were
analyzed along with other siliceous rocks (Study Not. 4
and 6) and samples of shale were pooled with other
aluminous rocks (Study No. 6), and all samples in each
lithic type were submitted for analysis in a randomized
sequence. Also, 15 samples in each lithic suite were split
into 2 parts for estimation of analytical error. Preliminary
results of this study are in U.S. Geological Survey (1972e).
Study conducted by Jon J. Connor and Richard J. Ebens.

STUDY NO. 8
[Stulr of Eirlv Mniinipp<«« a* in Kmturkrl

By JON J. CoNNom

Samples weighing a few kilograms each were collected
from outcrops of shale of Early Mississippian age in
Kentucky in the fall of 1965. As in Study No. 5, the State
was divided in to cells, each consisting of a I-degreequad-
rangle. In each quadrangle, two Ttt-minute quadrangles
were randomly selected from all those in the cell which
had been geologically mapped since 1960 and which are
underlain in part by shale of Early Mississippian age. Two
stratigraphic sections were randomly located in each
THp-minute quadrangle and 2 randomly located samples
were collected from each section for a total of 38 samples.
Each was split into 2 parts and the resulting 76 samples
were submitted to the laboratory in a randomized
sequence. Study conducted by Jon J. Connor.

STUDY NO. •
(Mwk iMr of Dnmriin md MiuiMip|ii«i mf '"

By JON J. CONNOR

Samples weighing a few kilograms each were collected
in Kentucky from outcrops of the Ohio, Sunbury, New
Albany, and Chattanooga Shales, of Devonian and
Mississippian age, in the fall of 1966. Eight randomly
located samples were collected in each of 11 sampling
localities distributed about 55 km apart around the out-
crop belt in Kentucky. Each locality consisted of an area
approximately the size of a 7K-minute quadrangle.
Twenty-two of the 88 samples were split into 2 parts, and
the entire suite of 110 samples was placed in a randomized
sequence prior to analysis. Study conducted by Jon J.
Connor and Harry A. Toundot

STUDY wait
•.Md Drawn l*n ui MiMnuri]

By JON J. CONNOR

Trimmed samples weighing a few kilograms each were
collected from outcrops of the Tippecanoe sequence
(Sloss, 196S) in eastern Missouri in the fall of 1970. The
sequence in Missouri is composed predominantly of
limestone and consists of a variety of named formations of
Ordovician, Silurian, and Devonian ages (Howe and
Koenig, 1961). The three sampled sections are located near
Hannibal, Festus, and Cape Girardeau. Each section was
subdivided into 10 parts of approximately equal thickness
and 2 randomly chosen parts in each section were sampled
in duplicate for a total of 12 samples. These samples were
analyzed along with other carbonate rocks from Missouri
(Study Nos. 4, 6, and 7) and all had been submitted for
analysis in a randomized sequence. Fifteen samples in the
suite were split prior to analysis to estimate analytical
error. Preliminary results of this study are contained in
U.S. Geological Survey (1972e). Study conducted by Jon J.
Connor and Richard J. Ebens.

STUDY NO. 11

By JON J. CoNNom

The collection of carbonate rocks of Late Mississippian
and Pennsylvanian ages in outcrops from eastern
Kentucky (Study No. 5) provided a small suite of sideri te or
sideriuc rocks. The rocks occur as lenses or nodules in
shales near or above the Mississippian-Pennsylvanian
boundary as mapped. They are probably diagenetic in
origin and their chemical contrast to the more common
carbonate rocks of the Paleozoic section in Kentucky
requires that they be treated separately. Fifteen samples
were collected, and were analyzed as pan of the carbonate
rock collection from Kentucky (Study No. 5). Study
conducted by Jon J. Connor.
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snnnrNo.il

Samples weighing about 2 kg each of cherty residuum
(terra rossa) developed on carbonate rock units were
collected in soudwm Missouri and nut them Arkansas in
the spring of 1972. The seven areas sampled are underlain
by dolomites of ihe(l) Bonneterre. (2) Eminence or Potosi.
i3) CaKpnad*. (4) """Mm"!, and (5) Jefferson City,
Cotter, or Powell Formations, and by limestones of (6)
Osagean and (7) Meramecian ages. Two samples were
collected in each of 2 randomly selected sues in each of 6
randomly selected sampling *""'"«*« in each of diese?
areas Cor a total of 168 samples. Twenty-five of die samples
were split into 2 pans and then all 193 samples were
arranged in a randomized sequence prior to analysis.
Preliminary results of diis work were published in Ebens
(1973) and US. Geological Survey (1972e. 1973).

Potosi For tends to be elevated in barium, lead.
and zinc, and locally contains visible baritc therefore it

^ excluded from **MT f*?tTipila<kT^ Study conducted by
J. Ebens.

STUDY MX U

Mississippi M ri Riven in Misaouri in the fall of
were divided into o segments.1970. ine 2 nver

each about 150 km in length; 2 localities were randomly
selected in each lignum and 2 ••••pi** were randomly
col leoed from a single vertical section in each locality lor a
total of 24 samples. Preliminary results of this work were
published in Ebens (1973) and TJ.S. Geological Survey
( 1972e). Study conducted by Jon J. Connor and Richard J.
Ebens.

STUDY NO. M

Tim iimlf nxl ihr inflowing nnr uric ilnm in Jinir mil
Jury liMDanduottsotmea

lar morality in
study we
Davis. Jefferson. Jenkins, and Warren, all having high
mortality rates. Vrgmhlgi MM! garden sofls wen? sampled
in 30 sites. Stems (terminal pans of branches 20-30 cm
long) and leaves of native plants (trees and shrubs) and 3
soil horizons were also sampled at 30 sites. Selection of
samplingsitfs. sampling methods, hboraiuiy utcuarauon

analysis of •*mpiff. and Matiftif^ treatment of die

al data were •"Timed by Shaddeue. Sauer, and
Miesch (1970) and Sharklette. Erdman. and Keith (1973).
Study conducted by Hansfocd T. Shaddeue. Herben I.
Sauer. and A, T. Miesch.

STUDY MX 15
»»«•. mt»*~m

By HAMFOB* T. SuAOuxm

This study was conducted as die corollary of Study No.
14. The counties sampled were Cherokee. Fannin.
Forsyth. Gilmer. Hall. Murray. Pickero. Towns, and
Union, all having extremely low mortality rates. The
sampl ing plan, sampling media, sample preparation, and
analysis were die same as described for Study No. 14. Study
conducted by Hanstord T. Shackkue. Herben I. Sauer.
and A. T. Miesch.

STUDY MX M

BTIOMUR.TI

The study was conducted with the cooperation of the
Missouri Agricultural F^Ttf*0" Service in collecting
samples. The surface horizon (0-15 cm depth) of cu I tivated
agricultural sods at 10 sues in each of the 114 counties of
the State was sampled during 1970. Each sample is a
composite taken over a single field prior to planting.
Analysis was made of air-dried soil material less than 2
mm in diameter, pulverized to -100-mesh particle size in a
ceramic mill. Sixty of dw 1.140 samples were split for
estimation of analytical error and die entire suite of 1.200
was submitted to the laboratory in a randomized se-
quence. Sampling plan, analytical results, and plotted
map« of die «*«t*rn>mion of *!•»»«*•»» concentrations were
reported by U.S. Geological Survey (1972b-f. 1973) and
Tidball (1973). Study conducted by Ronald R. Tidball.

STUDY NO. 17

Mature com grains and soybean seeds, and composite
samples of the plow zone (0-15 on) of cultivated soils, were
collected in Missouri in September 1970. Insofar as
possible, samples were taken at two randomly selected sites
within each of five randomly selected Ttt-minute quad-
tangles in each of UieFloodpbin Forest. Glaciated Prairie.
Ungiaciated Prairie, and Oak-hickory Forest vegetation-
type areas in Missouri (fig. 2). Samples, including
replicates (splits), were analyzed in a sequence random
with respect to geographical origin. Sampling plan,
results of chemical analyses, and statistical studies of die
data were reported by U.S. Geological Survey (1972e. 1973)
and Shacklette. Erdman. and Keidi (1973). Study
conducted by Hansford T. ShaffrV*"^ John R. Keith, and
James A. Erdman.
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STUDY NO. 18
|S«1» and plaim in ktnlurkr — I)

By ROSAIJ) R. TIMAU.

A reconnaissance study of the chemistry of soils and
plants in Kentucky was made in -the spring of 1965.
Channel samples of the A, B, and C soil horizons were
collected from profiles of Red-Yellow Podzolic soils.
Randomly selected profile sites were located according to a
hierarchical design, as follows: Two sites within a 2K-
minute quadrangle, two 2H-minute quadrangles within a
TVt-minute quadrangle within a 15-minute quadrangle,
and two 15-minute quadrangles within a physiographic
province. Samples were collected from 6 of the 12 physio-
graphic provinces (Nos. 4,5,6,7,11, and 12) as defined by
Bailey and Winsor (1964). Samples of mature stems (ter-
minal pans of branches, about SO cm in length) were also
collected from both oak and hickory trees at each of the
sites from which soil samples were collected. Fifty of the
288 soil samples and 30 of the 192 plant samples were split
into 2 parts and the entire sample suite of each material
was submitted to the laboratory in a randomized se-
quence. Study conducted by Ronald R. Tidball.

STUDY NO. 1»
ffaih and nbnn hi KtMorkT - II)

By RONALD R. TIMMU.

This study used a sampling design based on the results of
Study No. 18. Sampling was performed in the spring of
1967. Channel samples of the A horizon of representative
profiles of Red-Yellow Podzolic soils were collected in
Kentucky according to the following design. Eighteen 30-
minutc quadrangles were selected for sampling across
southern Kentucky from long 84° to 88° W., and from lat
36° to 37° N. A random selection of sites was made as
follows: Six Ttt-minute quadrangles selected within each
SO-minute quadrangle, one 2tt-minute quadrangle within
each 7H-minute quadrangle, and one site sampled within
each 2H-minute quadrangle. Samples of mature stems
(terminal parts of branches about SO cm in length) were
also collected from both oak and hickory trees at each site
where soil was sampled. Thirty samples each of soil and
plant material were split into 2 pans and the resulting
sample suites of 138 soils and 276 plants were submitted to
the laboratory in randomized sequence. Study conducted
by Ronald R. Tidball.

STUDY NO. 20
(Nairn- 11» uiil HI mi ynnihmwd mb to MtaMri]

By JAMB A. EKBMAN

This study was made in September and October 1970.
The sampling plan was based on a hierarchical design in
which the conceptual units at the top level were potential
vegetation types as defined by KUchier (1964), with modi-
fications (U.S. Geological Survey, 1972a, p. 18). The stra-
tified sampling plan required the selection of 5 sites in

each of 10 randomly selected 7K-minute quadrangles
within each of the 6 vegetation-type areas in Missouri (fig.
2). Plant sampling was based on (a) ubiquitous (smooth
sumac) or widespread (buckbrush) species in all vegeta-
tion-type areas, and (b) species characteristic of each vege-
tation type. Stems (terminal parts of branches) 10-30 cm in
length of these species were collected at as many sites as
possible, were dried and pulverized, and pan of each
sample was burned to ash for chemical analysis. The B
horizon of uncultivated soil was sampled at each site,
dried, pulverized, and analyzed. Fifty of the 950 plant
samples and SO of the 300 soil samples were split into 2
parts, end the resulting sample suites of 1.000 plants and
330 soils were analyzed in a sequence random with respect
to geographic origin. Descriptions of the sampling plan,
results of chemical analyses, plotted maps of the distribu-
tion of element concentrations, and statistical studies of
the data were reported by U.S. Geological Survey (1972a-f,
1973), Erdman and Shacklette (1973), and Ehens and
others (1973). Study conducted by James A. Erdman,
Hansford T. Shacklette, and John R. Keith.

STUDY NO. 21
(Mind mummh in iht imminilmiM Uniird tam)

By HANSTORD T. SHACKUTK

As many as 1,000 samples of soils or other surficial
materials, taken at a depth of approximately 20 cm from
locations about 80 km apan on routes of travel across the
United States were analyzed for 43 elements. Samples were
collected during 1958-70 by personnel of the U.S.
Geological Survey. The sampling program was designed
to give estimates of the range of element abundance in sur-
ficial materials that were unaltered or very little altered
from their natural condition. Even though most samples
were collected in the vicinity of roads, the data for lead in
this study are included in this report, because an indepen-
dent study by Connor, Erdman, Sims, and Ebens (1970)
had suggested that lead accumulation in subsurface soil 20
to SO m laterally from the road surface could not be demon-
strated by the analytical methods used. Results of this
study were reported by Shacklette, Hamilton, Boerngen,
and Bowles (1971), Shacklette, Boerngen. and Turner
(1971), Shacklette, Boerngen, Cahill, and Rahill (1973),
and Shacklette, Boerngen, and Keith (1974). Study
conducted by Hansford T. Shadclette and Josephine G.
Boerngen.

STUDY NO. 22

By HARRY A, Tourretor
As a pilot study preparatory to investigating the

geochemistry of the Front Range Urban Corridor (exten-
ding from Fon Collins south to Fountain, Colorado), 168
samples of surficial materials, 4 in each of 42 localities
arranged in a grid pattern over twelve Ttt-minute quad-
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«re collected and analyaed. These quadrangles
' centered oo t "•nr'iff" and tpaT**H **** Corridor.

bom within ihe mountains eastward onto the plains. The
surfkul materials were collected during November 1971
chrough February 1972 and were sampled 10 a depth of 15
on. They ranged horn well-developed agricultural soils to
unconsolidaied sediments and rock disintegration pro-
ducts. Samples. '««-i"d'nf GO ffp|»r»'*« (splits), were
analyzed in a sequence random with respect to geograph-
ical origin. Preliminary results of this study woe reported
by Tounekx (1973). Study conducted by Harry A.
Tounekx.

STUDY NO. 0

A variety of vegetables and Geld corn was collected in
September 1961. from **p to 77 BHitr^'Tg

plantings, princi-
pally ' i Wisconsin. One home gaulf n in Iowa and a corn-
Geld in Minnesota, both new toe Wisconsin boundary,
weteaboampkd For brevity, these colleoiom ate listed
lA UiC mflttOtstt^F UDiO 9& DClfl^P DOKO W I8000U& OQXY* AlftC

90QCUOK1 OK CWO0tt tO H^D^^AC W9ft OB96O O^B 8Wt*8Ol*lKV OK

the desired kinds of irguihln in a garden, the facility of
10 sample, and die time available.

the county hospitals of Due, Grant.
Iowa, *"** Fjriiliifl -̂"if1*̂ ***. i*^ a ' • f**"****" «*i truck
turn in Rarirtf County, were sampled; other sties were
family §»"**>• Con was fffpff^rf in Gelds in which die
grains were mature at die time of die study. The vegetable

mg). and die mature grains of corn were removed from die
cob. The samples were dried, pulverned, and buiued to
ash. and die ash was analyaed by arm [quantitative spec-
trographir and other methods. See also Shacklene,
Erdman. and leufa (1973J. Study conducted by Hamford
T. Shadueue.

20—30 cm pan of h

of Gve
within each

of Missouri (Gg. 2). The terminal
am lies, including both stems and

leaves, was collected and die samples were analyaed by
specuognphic and other methods, as lepotied by US.
Geological Survey (I972D). in a random sequence
unknown n die analyst. Application of these data to a
contamination study was repotted by Ebens. Eidman.
Feder. Case, and Sdby (1973). Study conducted by Ja

STUDY Ma

By Jax J. Coma*

Forty-eight samples of soil and sagebrush were collected
in May 1973 from die Powder River Basin according to a
hierarchical design. The basin was divided into 12 parts,
each approximately 70 km on a side. Two townships \vere
selected randomly from each part; a total of three sections
were selected randomly in die two townships, and a total
of four sampl ing sites were selected in die three sections. At
each site a sample of the top 2 on of undisturbed soil and
a sample of the terminal stems and leaves of a living sage-
brush were collected. Selected samples of each material
were split into two pans and die samples in each resulting
suite were analyzed in a randomiand sequence. A few pre-
liminary results of this study were given by Anderson,
Keith, and Connor (1974). Study conducted by Jon J.
Connor. John R. Keith, and Barbara M. Anderson.

METHODS OF ANALYSIS

A wide variety of analytical methods was used to
generate die data underlying the tabulations in this report.
In <hf earlier trwItfT. thf
were generally df
urhniqucs (Sh
sorption ifEfftrouhiMiinieiik methods (Shapiro. 1967).

metals in rocks and soils
id by rapid •pectrophotometric

1962), or atomic ab-

illy, and particularly Car studies in Missouri,
many of these metals were analyzed by rapid X-ray
fluorescence techniques. Trace-metal analysis in all work
has relied heavily on both a semiquandtaiive emission
sptarognphic procedure slightly modified from that
dcsciibed by Myers. Havens, and Dunton. and a direct-
reading emission specuographk technique (Havens and
Myers. 1973). Elements in plant ash not measured
specoognphicaUy were measured by atomic absorption,
colorimeuit. selective-ion electrode, or other special
methods as listed in table 1. All analytical work was
performed in laboratories of die US. Geological Survey.
The analytical technique used lor each entry in the
summary tables 5-53 is identified by die appropriate
number listed in table 1.

Forty-eight dements are listed in die summary tables.
Of these, about 10 were detected in only a relatively few
samples of only a lew studies. Approximate limits of

lor a variety oi elements
for in tfXiiiDgiaphic work but seldom or never detected
are listed in table 2.

For various reasons, 24 of die 92 naturally occurring
elements were never analyaed for in any of diese studies.
They are die six noble gases (bdium. neon, argon,
krypton, xenon, and radon), nitrogen, oxygen, sulfur,
chlorine, bromine, technetium. ruthenium, rhodium,
cesium. p*DnK^hi<im. TnmiifT*. indium, polonium.

A. Eidman. Hansford T. Shackkue. and John R. Keith, astatine, francium. radium, actinium, and protactinium.
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TAILK \.—An»tyticml methods toed

(Numtor in ihr lira column Umtifin ihr mnhnd mrd for ilnnmininx ihrmiral dan irpnrwd in taMn i-M. Lradm (...) indie** no dau milablr)

No Nimt at imkod Mawrialt amtrfnl, and rtn

I Six-step emission Geologic materials, loili, and plant ash: Ag. B. Ra. Be. Ce. Co. Mym, Havens, Concentrations reported as mid-
spectra graphic. Cr, Cu. Ca. Fe. La, Mn, Mo, Nd. Ni. Pb. Sc, Sn. Sr, Ti, V, and Dunton. poinu of fix geometric rlrnses

Y. Yb, and Zr. Geologic materials and soil* only: Nb. Geologic 1961 per order of magnitude,
materials and plant ash only: Ca. Soils only: Bi and Sb. Soils
and plant ash only: Al and W. Plant ash only: Mg.

Concentrations reported as actual
values, rather than as classes of
values.

2 Direct-reading Geologic materials, soils, and plant ash: B, Ba, Be, Cr, Cu, La, Havens and
emission spec- Mn, Mo, Pb. and Y. Geologic materials only: Fe and Zn. Geologic Myers, 1973
trographir. materials and soils only: Co. Ga, Nb, Ni, Sc. Sr, V, and Zr. Geo-

logic materials and plant ash only: Ti. Plant ash only: Ag.

3 Atomic absorp- Geologic materials, soils, and plant ash: Cd, U. Mg, Na, and Zn. Ward.Nakagawa, Second reference describes meth-
tion. flame Geologic materials only: Ag. Plant ash only: Ca, Co. Fe, K. and Harms, and ods for Cd and Li only.

Rb. Van Sickle,

4 Atomic absorp- Geologic materials, soils, and dry plants: Hg ...
lion, flameless.

Bnemgen, Cahill.
andRahill.1973.

Vaughn and Unpublished modification used.
MrCanhy.1904. for dry plants.

5 X-ray fluores- Geologic materials and soils only: Al, Ca, Fe, K, P, Se, and Si Liehhofsky.
cence Pfeiffer,

Winslow. and
Temany, 1960.

6 Colorimetric Geologic materials, soils, and dry plants: As. Soils and plant ash Ward, Lakin. Use for Pb, Cu, and Zn diseon-
only: Cu, P, Ph. and Zn. Plant ash only: Si. Canney, tinued in 1967.

and othtrt, 1963.

7 Catalviic

8 Neutron activa-
tion

9 Selective-ion
electrode

Geologic materials only: Au. Geologic materials and soils only:
I. Soils only: Th and U.

Geologic materials, soils, and dry plants: F .. ....

Ward, 1964.
Roweand

Simon. 1968

Ingram. 1970 ....

Oxygen combustion-eerie sulfate
method.

Used in conjunction with fire
assay for Au.

10 Gasometric

11 Calculated

12 Flnme emission
(photometric).

Geologic materials and soils only: Carbonate C.

Geologic materials and soils only: Organic C

Soils only: Na. Soils and plant ash only: K.

13 EDTA tiiraiion.... Soils and plant ash only: Ca and Mg —

H 2-3 diamino- Dry plants only: Se .—
naphthalene

15 Gravimetric Dry plants only: Ash

16 "Rapid rock" Geologic materials only: Carbonate C and Mn. Geologic materials
and soils only: Al, Ca. Fe. K. Mg, Na. P. Si. and Tri.

Sctxi. I9SO

Shapiro and
Brannork.1962.

do

Total C minus carbonate C

• Use discontinued in 1967.

Use discontinued hi 1967.

Unpublished method.

Ward. Lakin. Aliquou of dry plants weighed.
Canney, and burned to ash, and the ash
others, 196S. weighed and calculated as per-

centage of dry weight.

Shapiro, J967: All elements determined in
Shapiro and aliqtiots of a single solution of
Bnnnork.1962. the sample.
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where S.* represents the error variance. X,. and X-
represent the conccntniions (or their logahthim) of an
clement in die two splits of the idi sample and n is ihc
number of samples split. Where an error was not formally
defined, it resides' in dw «*H'fiatf of total variability and
remains unknowable.

SUMMARIES

OWUmZATION AND USE Of DATA

The gtochemical summaries tabulated herein are
alphabetically arranged by UK English spelling of each
element. Summaries for each element are presented, as
appropriate, for each of four broad environmental
categories—rocks, unconsolidaied geologic deposit*,
soils, and plants. Listed widiin each category arc die
summary results for one or more individual studies.
Studies on rocks and unconsolidaied geologic deposits are
grouped by gross lithologic character. Soils are sub-
divided into those under active cultivation and those not
under active cultivation when sampled; within each
group, soil studies are listed by horizon or depth. In
Studies 10 and 22. soils from both cultivated and
uncultivated sites were included without differentiation.
Plants are grouped as cultivated or natiw species and are
listed widiin either group by their common names;
scientific names and plant pans sampled are given in
cables 3 and 4. For cultivated plants, entries in the
summary tables are given far analysis of uV plant as

ily prepared for eating but prior to cooking. All
entries in the summary tables are given a general location,
commonly the State.

Each entry in each table is identified by a study number,
with which the user may find a brief description of the
work m die section endued "Descriptions cf Field
Studies." and a number identifying the analytical method
used (from table 1). Abo given are the following: a ratio,
which ««*H«f?'*t -the nun|lK*r of tamper in which die
element was determined in relation to UK total number
aiulyasd; die mean, which estimates the most probable
concentration to be opened in the analyzed material; die
deviation, a factor which mdkatrs the degree of vari-
ability observed; dK error, a faowwhkh indicates die re-
produability of the analytical method: and finally, the
range of concentrations observed in the study.

Geometric and arithmetic means, standard deviations.
sttudaWQ 0TOfs» wid OQMM6Q mifcs «vc f ivcii in units of
percent, pans per million (ppmX or pans per billion
(ppb). A pan per million is 10"4 percent and a pan per
billion is 10" percent. Geometric deviations and geo-
metric errors are factors.

The mean for each entry in the summary tables is
commonly give to two Ty«ifi™«t figures. It is
conventional in geochemkal summaries to give an
ariduneuc average for the mean, and a few such entries
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TACLX 3.—Percentage of ash obtained by burning dry materiel of cultivated plants

of column hadmn: Vu*» No. «*n to Hurtr anrriM in mn. PhM n«ro ibilgiimd H S. ntim; U fame

F13

Common md irinNifir imr.
«nd coUfciioa lociliry

Asparagus (Atparagus officinalii L.);

Ban. lima (Phoseolut limtnnt Macfad.);

Bean, snap (Pkoseolut vulgoris L.); Georgia

Beet, red (Beta vulgmris L.); Wiioomin. —
Blackeyed pra (I'igna anentis End).);

Cabbage (Brassica olencta L.):
Gem iiia . ...

Wisconsin .... - ...
Canoe (Dauriu cmrou var. joltm DC);

Com (Zt* mcyt L.);

Miuouri
Floodplain Forest ..........

Oak-hickory Fame .

Cucumber (Cucumu tatnms L.); Wisconsin
Onion (Allium ctpa L.): Wiiconsin...
Pepper, sweet (Ctfwiatm frutetcrnt var.

fTointm Bailry); Wisconsin...
Potato (Solatium tuberontm L.); Wiiconsin
Tomato (Lycopersicwn acuienlum Mill.);

Georgia «.............»«••» .»•»«»»......

Soybean (Gtycine max Men.): Missouri

Glaciated Prairie.. „.._............._.._.
Unglaciated Prairie
Oak-hickory Forest

studr
No.

23

14
15
14
15
23

M
15

M
15
23

23

M
15

17
17
17
17
23
23
23

23
23

M
15

17
17
17
17

Phm
P"t

s
SD
SD
F
F
R

SD
SD

L
L
L

R

G
G

G
G
G
G
G
F
B

F
T

F
F

SD
SD
SD
SD

Moa
(DIIUM)

8.2

5.5
6.7
8.4
6.8
93

5.9
52

19
21
9.4

9J

4.4
3.7

1.8
1.6
U
1.6
1.8

11
4.8

7.0
5.0

11
9.8

5.1
53
5J
5J

Onto-
lian

1.17

1.13
1.18
1J4
1.14
1.64

1.26
149

1.41
1.16
1.19

1J8

1.47
135

1.17
1^3
1.19
1.19
1.14
125
1.11

1.08
1.31

1.40
120

1.10
1X6
1.06
1.07

Imr

—
•̂̂

— ̂

1.09
1.09
1.09
1.09

1.09
1.09
1.09
1.09

"1

Ofafrad

(pnam)

63-10

4.4- 7.2
5.4-10
4.8-15
5 J- 8.9
53-14

42-12
4.7- 5.8

9.6-35
15 -29
7.0-13

53-15

23- 9.0
2.0-73

1.4- 22
1.0- 2.1
1.3- 2.1
12- 2.0
13- 63
83-14
43- 53

63-73
33-83

4.6-20
4.9-13

43- 53
4.9-6.0
43-5.8
4.6- 5.8

here do so; an example ii aluminum in cultivated surface
horizon soils of Missouri (table 5, Study No. 16). However,
the tendency for elements in natural materials,
particularly trace elements, to exhibit positively skewed
frequency distributions, suggests that the geometric mean
is the more proper measure of central tendency. The
geometric mean is the anu'log of the arithmetic mean of
the logarithmic values and, for lognormal distributions,
the geometric mean is the mode.

A common problem in trace-element summaries is the
necessity to summarize data which contain non-numeric
concentration values such as "trace" or "less than" some
specified limit. Such data are said to be censored, and,
under such circumstances, the mean has been computed
using special procedures described by Cohen (1959) and
applied to geochemical problems by Miesch (1967b).
These procedures involve an adjustment of the summary
statistics computed for the non-censored pan of the data.
For some entries, censoring is so severe that such

adjustment is unreliable or even impossible. Under these
circumstances, the median of the distribution is given as
the mean, or the mean is simply listed as "less than" some
limiting lower value.

The use of special procedures to quantify estimates of
the central tendency where pan of the data is censored
sometimes leads to estimates of the mean at levels below
the limit of detection. For example, aluminum in dolo-
mite of the Sauk sequence in Missouri and Arkansas (ta-
ble 5, Study No. 4) is estimated to have a mean of O.SO per-
cent although the lowest measured concentration in 48
samples was 0.53 percent. This feature of the data analysis
obviously permits a greater utilization of data which may
be initially viewed as rather limited because of analytical
constraints.

For those rare entries where die arithmetic average is
given for the mean, it is also thought to reflect an unbiased
estimate of elemental abundance. Where the geometric
mean is given, die abundance may be estimated from die
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Ttmt I nnrniNti i»/ ••* "** ' *T hmmff

(M9L)

14
l»
14
15

14
15
14
15

20
SO

Z4
J4
24
24
24

II
If

It

It
19

Uc

• U

— II
19

It
19

14
IS
14
IS

14
IS
14
14

20
20
20
20

S
S
L
L

S
S
L
L

S
S
S
S
S

SL
SL
SL
SL
SL
SL

S
S

S

S
S

S
S

S
S
S

S
S

S
S

S
S
L
L

S

L
L

S
S
S
S
S
S

to
2J
S.4

2.4
2J
4J
54

«J
SJ
5.1
6J

•J
5J
5.1
5J
CJ
5J

5J

5J

5J
5.1

5J
SJ

4J
SJ
S.7

SJ
SJ

SJ
S.4

14

S.I
SJ
1*
7J

17

SJ

IJ
IJ
4.7

15
4J
SJ
SJ
SJ
S.4

1.71

I-H

IJt
IJI
IJ5
l.lt

I.It
IJ7
1.15
1.17
1.14

I.It
U7
1.15

LI7
1.14

IJ)
Ut

IJt

1.77

US
Ut

IJI
Ut
IJt

IJI

IJ4

IJ9

US
IJTun

LM
I.M
I.M
LM
LM

LM
LM
LM
LM
Ut

LM

LM
US

LM
LM

US
US

LM
IJS
IJS

IJS
IJS

LM
LM

0.19-U
IJ - M
2J- 7J
4J-9J

IJ-4.4
ZJ-4.1
15-iuf
4J-9.I

4J-U
SJ-U
4J-U
SJ - to
45-CJ

4J-U
SJ-U
4J-U
SJ-U

4J-«J

2J-7J
11-11

15-73
19-U

SJ-9J
4.1 -tl

14-62

15- 14
2J-4J
15-U

2J-4J
12-5J

14-74
14-4.7

L4-4J

12-5.4
12-4J
S.4-9J
SJ-U

US LM L7 - 4J

LM

IJI
IJt
UJ
I.U

I.M
1.19
1.11
Lit
I.U
I.M

SJ-U

1J - 5.7
LI - SJ
SJ-5J
4J-U

LM 17 - SJ
LM II - C.7
I.M II - 5.4
LM 15 - 4J
LM 2.7-43
LM 11 - SJ
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TABLE 4.—Percentage of ash obtained by burning dry mtlrrial of nttiif plant spfries—Continued

f JMtnwm anil virniifir namr.
ami t (tiki turn knaliiY

Snxly
No.

Mani Mm Em*

Sumar, wtngrd (Rhus copal line L.): Gror^iu

SwrrtRiini (Liquid&mbar styrtciflu* L);

M
15
14
15

H
15
14
15

S
S
L
L

S
S
L
L

3.6
3.8
4.6
4.8

4.8
4.1
5.6
5.6

1.22
1.24
1.20
1.32

1J2
1.37
1.15
1.21

Missouri
Floodplain Forest. 20 4.6

<l«rnrm)

23 - 5.4
23-6.1
2.8 - 6.2
2.7 - 9.6

3.1 - 7.7
2.6 - 9.0
4.0 - 7.2
4.3 - JL2

1.43 1.10 2.0 -12

following relation:

t «TAf, (2)

where (estimates the abundance (as Sichel's (, see Miesch,
1967b), M is the geometric mean, andr is an adjustment
factor and is read from figure S. For example, aluminum

|y| in the sandstones of the Sauk sequence, Western United
^^ States (table 5, Study No. S), is estimated to have a

geometric mean of 0.77 percent and a geometric deviation
of 2.49. These statistics are based on 400 analyses.1 Read-
ing from figure 3, where D»2.49 and n«400, r is estimated
to be 1.5 and t (abundance) from equation (2) is estimated
as 1.16 percent aluminum.

Finally, most of the element concentrations in plant
tissue were summarized on an ash weight basis. The user
who wishes to convert the mean element concentration in
ash to a dry weight basis may apply the following formula:

(S)

where MD approximates the mean in dry weight, MA is
the mean in ash weight, and Mf is the mean of the percent
ash measured in that study (from tables 3 or 4). For
example, asparagus stems collected in Wisconsin (table 5,
Study No. 23) exhibit a mean aluminum concentration in
ash of 0.40 percent, and a mean ash content (from table 3)
of 8.2 percent. Based on equation (3) the approximate
expected concentration of aluminum in dry weight is
O.OS3 percent.

Equally as important as the mean in background
geochemical studies, however, is the magnitude of the
scatter to be expected about the mean. A useful measure
of this scatter in lognonnal distributions is the geometric
deviation, a factor which may be used to estimate the range
of variation expected for any element in any unit. The
geometric deviation is the antilog of the standard
deviation of the logarithmic values. About 68 percent of
the samples in a randomly selected suite should fall within

'In ihn particular tnidr. the 400 Mrpa «* •* oily W> umpln *nt. ihmta*. •* Ml
mttptntrm. Howrm. ihj oavticn lifmri ihao ih»i imctuMOOot ii"»0ii»t»nt«nuilly
ihr umr nlur ol T .

Ftcutr. S.—Graphs of T as a (unction of numbrr of analym, n, »nd ihr
geometric deviation, D (from Minrh. I967b).

the limits, M/D and M-D, where M stands for the
geometric mean and D stands for geometric deviation.
About 95 percent should fall between M/D* and M-D.',
and about 99.7 percent between M/D* and M-D*. For
example, aluminum in granites of Precambrian age in
Missouri (table 5, Study No. 1) has a geometric mean of 6.7
percent and a geometric deviation of 1.06. Thus, the most
likely concentration for aluminum in a suite of randomly
selected granite samples collected in outcrop in the St
Francois Mountains of southeastern Missouri is 6.7
percent; in addition, about 68 percent of the collected
samples, if analyzed by emission spectrographic tech-
niques in the U. S. Geological Survey laboratories, should
range from about 6.3 (MID) to about 7.1 (M-D) percent
aluminum. About 95 percent will fall between 6.0(M/D*)
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and 7J (M-D*) percent ahamhnim. and more than 99
percent between 54 (M/D*) and 84 (M-D'}.

using procedures df tuibcd by Cohen (1959) and Miesch
(1967b). A number of entries in die tables of this report give
DO OtUHaUC O( VBTUOlllCV DCQUX OK UUUttJOCOl QaUA*

Nevertheless, for some of ihoe entries, a rough estimate of
the upper limu of the 68 and 95 penxni langes may be
obtained. About 16 percent of the samples in a randomly
collected suite ate expected 10 fall above die 68-percent

about 23 percent should fall above the 95-

i of ft Iff and

respectively, Ear
pie. aluminum in

68- and 95-
in that

dim of Itanatinptan age in Missouri. Oklahoma, and
(table 5. Study No. 7) was detected at a

of OJ3 percent in only 3 percent (1 of 20) of
UgCHEStt COaM UkC UflUt O»

(053 percent) bet somewhere
die uppei end of die 68*peraeot nmge and die

and probably very dote

study

well
of that pan of die total

i due solely to laboratory eSeos is given
at die error, and an estimate of die variation attributed
solely to natural effeca may

W

aoddw
.tar;

(table 5. Study No. 1) it etdmaied £ram equadon (4)» be
1-04, and the expeoed nnmnnmatf 68, 95i and 99-7
percent mgcx owBded lor anaryool variation are
6.4-74. 41-7J. and 6.0-73 percent ahrniimim.

culttvaied tofls'of Mmouh (table 5. Study No. 16) is
from equation (5) at 1.14, and die expected

approximate 68.95. and 99.7 percent ranges corrected for
analytical variation are 34-5.2. 14-4.4. and 0.7-73
Ddccm tfXiUflEuomo* ICSDGCQVCIY*

For some entries, the listed enor is larger than the listed
deviation and D. cannot be calculated This occurs
because the deviation and the error are themselves only
estimates and are each subject to errors inherent in
estimation. Where variation due to laboratory procedures
forms a huge pan of the total observed variation, die
estimate of die error may exceed the estimate of the total
variability. In these circumstances, thf only conclusion to
be drawn is that the material under study is relatively

its natural variability must be based on laboratory
• laair • lii i m m m mmm^t^mm .1 • • i * i -• -f. - - - - • 1, . - ,prooeoures more prrnte man mote used nere.

All entries lacking an estimate of the error must be used
judiciously. Link can be said about the natural variation
of *hf>f materials without some iffn**T**T as to the
magnitude of die laboratory effects dtat might be present.

The summary statistics in this report are not those
and an *'!*"*if **tr bmi made to

ations. using die estimated deviation. The data
given in die •"•"••̂ T tables (tables 5-53) are meant to

a realistic guide to *»p^**^ elemental
environmentalin a variety of conn

1 or natural conditions
uemphuing use of these data should bear

m mind several points. Because the data were analyzed by a
variety of analytical methods over a long period of time,
there may wdl be analytical bias from entry to entry, but

tany such potential bias,
i entry are meant

10 reflect something of die nanaal geuubemical character
of dat entry, a collection of entries in any given category
must not be viewed as representative of that category as a
whole. The entries are heavily weighted to specific areas of

tftoulQ oe nmde duttnuarv lnadoition.au data
total etemeut content.

i in which the clement may we*1** in

these dam duu is of great
die marked

lor a host of dements
plant

1"* trees *itd thni^t than in garden
• • — ^r^

undoubtedly reflect die contrast in plant parts (terminal
stems versus roots, leaves, and seeds), but some of the
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difference may well reflect a tendency for perennial plants
to "build up" concentrations over the years (Shacklette,
Saucr, and Miesch. 1970, p. 25).

Another aspect to keep in mind when using these
summaries is that the long agricultural and industrial
history of this country may well have altered die "natural"
background for some elements in some materials. The
widespread atmospheric effects attendant upon
combustion of leaded gasoline, for example, conceivably
may alter the element content of plant tissue collected far
from any pollution sources. Likewise, agricultural
practices may affect trace elements in vegetables, but there
seems to be no alternative to collecting vegetables as they
are grown and terming their element burdens
"background." The summary data on lead are probably
most suspect in this sense.

Finally, the use of the summary statistics assumes some
specific features about expected frequency distributions of
elements in mature. To the extent that such assumptions
are not valid, predictions of the expected concentration
and expected range will be in error. In particular, entries
exhibiting large deviations (near 5.0 or greater) may reflect
unusual distributions. The most commonly encountered
problem is probably that of the presence of multiple
modes in the distribution.

Perhaps the greatest use of these data will be to point up
the large compositional diversity to be expected routinely
in ordinary materials. Even though a large part of the
studies used in this compilation was undertaken in only
four States (Georgia. Kentucky, Missouri, and Wisconsin),
the data on sedimentary rocks, soils, native plants, and
vegetables clearly illustrate this diversity. The following
summary tabulates the ratio of the highest mean to the
lowest mean for six elements in the seven common
materials reported on in this paper

Mnrrial O>

shale ....

Soils, uncultivated

Plant ash. vegetable. —
native species _

45
25

29
IS
8.6

SO
41

7.0
10
M
S.9
3.8

11
5.4

21
25

240
2.0
9.1
5.1

11

10
65

20
75

18
8.4

SO

8.0
25
55

41
36
25
7.9

75
2.2
93

42
28
63
17

The greatest contrast in the above summary is reflected
in a ratio of 240 for the element iron in carbonate rocks.
This extreme reflects the difference between iron-rich
siderite (Study No. 11) and iron-poor limestone and
dolomite, but other trace elements, like copper and
manganese, are still seen to be highly variablewithin each
of the three common sedimentary rock types. Expected
differences within the two soil categories and the two

kinds of vegetation also can be extreme, as for potassium
or strontium in soils and barium or strontium in plant
ash. The differences reflected in the above ratios include
the effects of laboratory procedures, but die pitfalls of
assigning some single avenge concentration to an entire
category of material (such as "carbonate rocks" or "soil"),
as tends to be common in published tables of element
abundances, are quite apparent.
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TABLES 5-53
Tables giving concentration of element* in racks, unconsolidmied geologic deposits, soils, and plants
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TABLE 5.—Aluminum in rotkt, uncaruoltdued ftolofic depotits. toils, «nd pUmi uk

F21

[Explanation of column haadiags: Study Mo. refers to study described la text; aethod of enalysis (la
parentheses) refers to eetbod listed IB table 1. tstio. auaber of aaaples la vhich the eleaeat vas
found la aessursble concentrations to auaber of ssaples easlyzed. Mesa, geoaetric aesa except thst
values preceded by esterlsk ere arlthaetlc aeea. Deviation, geoaetrle deviation except that values
preceded by asterisk are standard deviation. Error, geoaetric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (--) la figure coluaa
Indicate no data available]

Study
•o. and

Saaple, sad collection locality aethod of latlo Devla- Error
eî

teats

Granite
Preeeabrlaa; Missouri————— 1 (5)

Ihyolite
Precaabrisa; Missouri—————- 1 (5)

30: JO

(16)
Sandstone

Seuk sequence; Western United States- 3
toubldoux Teraation; Missouri—— 4
Pope Megagronp;! Kentucky———- 3 (16)
Penasylvsalaa; Kentucky——-—— 5
Pennsylvenlan; Missouri, Kansas,

and Oklahoas———————————- 6

400:400

120:120
152:152

6.7

6.6

.77

.43
1.6
2.5

l.M

1.10

2.49
1.75
1.78
2.12

2.30

1.04

l.C

1.29
1.14
1.34
1.33

1.14

5.3

.05* -

.24

.53

Chert
Mlsslsslpplaa; Missouri,
sad Arkansas—-—— (3) 1:20 <.S3 <.S3

7.9

7.9

8.2
1.1
5.6
8.3

.53

Shale
Seuk sequence; Western United States- 3 (16)
Lover Mississippisa; Kentucky—— 8 (16)

Mississippisa; Missouri, Oklsaoaa,
sad Arkansas— — — — ~~— — 7 (5)

Penasylvanlaa; Kenfiueky— — — — — 5 (16)
Peaasylvenlaa; Missouri, Xanana,

****** W**Aaas*Ba"""' ™ \̂ f

Llaestone sad doloaite
Seuk sequence; Western United States- 3 (16)
Seuk sequence; Missouri end Arkansas- 4 (5)

Tippecanoe sequence; Missouri—— 10 (5)
Lover Mississlpplaa; Kentucky—— 5 (16)

Mississippisa; Missouri, Oklaheea,

Penasylvsalaa; Eemtueky*-— —..— 5 (16)
Peaasylvanlaa; Xlssonri, Kansas, sad

Siderite

i Of Svaan and Willaan (1961).

336:336 7.7 1.61 1.17 1.32 - 15.2
76:76 5.4 1.49 — 2.0 - 9.2

1A9.1M 9 e i *• _ » » _ t*M«:M« f.V &.Z9 — 3*9 - U

18:18 4.4 1.64 1.05 1.4 • 10
152:152 9.2 1.40 1.12 2.4 - 17

32:32 8.5 1.24 1.05 5.3 - 11

386:392 .45 .62 1.59 <.021 - 7.2
16:48 .30 .19 1.22 <.S3 - 2.1
atffca ftA ftaV Aft 1 9A 1 * - * ft

3:12 <.5S - - <.33 - 1.6
111:112 .62 .10 1.76 <.0053 - 3.0
IMtlU 9% M * 74 «.OM1 . SI

e.AA 19 9 ft^ 1 99 ^ tt% . 41»t*O .17 3.52 l.ZZ <*Sf • Z.I
80:80 2.0 2.56 1.22 .079 - 4.8

f&.t9 H 4 CA t 99 f K% . ^4lOtJZ .44 2. 38 l.ZZ v.33 - 3»2

JOtW 2.B 1.83 — .%» - o.l

AunoMm



•ft collaeciaa locality

12 (S)
12 (3)

24:24
24:24

24:24
24:24
24:24

7.9
ft.*

8.0
9.9

10

1.33
1.3*

104
100
107

1.03
1.03

4.3
2.1

1.03 3.0
1.03 7.*
1.03 5.1

14
11

13
13
13

13 (3) 24:24 1.10 — 4O 3.1

ftel*;

u a>
13 (1)

-..—.- 17 rsi

-•••••• ** w

" ... • 17 O>

23 (S)

14(1)
U (1)
U(U)
If

u a>
U (1)
It (H>

20 (3)

30:30
30:30

t*t
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

0.9
4.*

4.0
4.0
3.4
3.9

4.0
30
3.t
3.t

4O
4.7
3.t
3.9

1.M
1.70

101
Lift
1.32
1.30

10S
1.M
109
103

1.25
l.U
1O4
1.33

..

—1.03
1.03
.03
.03

.03

.03

.03
1.03

1.03
1.03
1.03
1.03

OO
1.5

3.1
3.7
2.0
2.2

2.9
4.7
2.4
2.6

3.0
3.8
2.8
2O

S
7

30
ft.l
4.8
5.0

3.*
5.8
4.9
S.O

ft.9
5.7
S.3
3.7

1.140*1.140 «4.1 n.19 *.34 1.1 - 7.9

48:48

29*30
30*30
9*:9ft

100* lOt

30:30
30:30
9i:M

8.3

1.
4.
3.
3O

1.
S.
3.

1.39

2.00
1.97
1O7
lOt

50:30 4.3

2.00
1.30

109

10S 2

** •«

** •»

1.02 2.0
1.03 1.*

— .3
— .7

1.02 2.8

1.13 2.ft

• 10

- 7
- ft.5
- 14

- 5
- 7
- U

- 7.9



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TAIU 5.—Aluminum in rockt, uneotuoliduttd gtologic deposits, toils, end pUmt «i*—Continued

F23

Saaple, and collection locality

Study
Mo. and
Mthod of
analysis

Observed
Xatio Mean

/p«re«ii>
Devia-

) tion
Error

((

range
>ercnt)

•OILS —Coat luted

Uncultivated —Continued
B horizon; Missouri— Continued

Glaciated prairie— ——————
Unglaeiated prairie———
Cedar Glade— — — — — —Oak-hickory Forest————
Oek-faickory-plne Forest——

C horizon; Georgia————
C horizon; Kentucky—- — — — —

Cultivated and uncultivated
Surface horizon; Colorado———

B horizon; Eastern United States—
B horizon; Western United States——

20 (5)
20 (5)
20 (5)
20 (5)
20 (5)

14 (1)
18 <16J

22 (5)

21 (1)
21 (1)

50:50
50:50
50:50
50:50
50:50

30:30
96:96

168:168

285:307
399:484

6.5
4.7
3.2
2.7
2.1

1.7
6.1

3.7

3.3
5.4

1.21
1.34
1.42
1.47
1.63

2.61
USf

1.29

2.70
2.02

1.13
1.15
1.13
1.13
1.13

..
1.02

1.03

..

—

5.7
2.1
1.6
1.1
.5

.3
2.5

1.3

.7

.5

0
0
8
3
8

- 7
- 12

- 7.6

. >io
->10

PIjUR ASH

Cultivated plants
Asparagus; Wisconsin—— — —
Bean, lia»; Georgia,— — — —

Bean, snap; Georgia———

Beet, red; Wisconsin———*
Blsckeyed pea; Georgia———

Carrot; Wisconsin — — — - — —

Corn; Missouri
Glaciated Prairie— — — — —
Unglaciated prairie————
Oak-hickory Foreat— — —

Corn; Wisconsin——————

CucuB&er; Wisconsin————
Onion; Wisconsin— — — — — —
Potato; Wisconsin—— — — — —
Soybean; Missouri

Floodplain Foreat— — —
Glaciated Prairie— — — — .
ungiAcurceQ yxaxr ie— ———•—••••
Oak-hickory Forest————

23 (1)
14 (1)
15 (1)
14 (1)
15 (1)

23 (1)
14 (1)
15 (1)
13 /i \
23 (I)

23 (1)
14 (1)
IS (1)

17 (1)
17 (1)
17 (1)
23 (I)

23 (1)
23 (1>
23 (1)

17 (1)
17 (1)
17 (1)
17 (1)

5:5
30:30
15:15
30:30
30:30

3:3
29:29
4:4

11:11

8:8
29:29
30:30

10:10
10:10
10:10
27:27

4:4
7:7

10:10

10:10
10:10
8:8
9:9

0.40
.03
,14
.09
.15

.15

.06

.05
_
.11

.15

.07

.07

.02

.02

.02

.1

.17

.15

.1

.04

.05

.04

.06

1.55
2.43
3.11
2.18
2.28

2.07
2.03
1.64
2 45
z'.22

2.04
2.03
1.99

1.99
1.99
1.98
1.57

3.16
2.40
1.69

2.20
1.29
1.51
2.00

••

—
—
—
—••

—
—-"
._

—
—1.75

1.75
1.75

—
_

—
..

1.75
1.75
1.75
1.75

0.3
.01
.03
.015
.02

.07

.015

.03

.03

.07

.015

.015

•005
.005
.005
.03

.03

.07

.07

.005

.03

.02

.01

0.7
.2

3
.5
.7

.3

.2

.7
1 «.9

.7

.7

.2

.3

.05

.05

.07

.15

.3

.7

.3

.07

.07

.07

.1

AUJMIMDM



F24 STATISTICAL STUDIES IN HELD GEOCHEMISTRY

i m fort*. tfunmtatUftrt gtolog* Itponli. lotlt. «

plo, tut colloctiom locality Dovta-
> tloa

Obotrrad

CPOTCOBt)

•attW

•. loovca; CoBTfla

•tekory. »

•Ukory.
Oak-hickory Pa

Fonot<

«•*!••

Moio. r**.

Oak. Mack; K

U O)is a>

— u a>
15 (1)

a>
19 (1)

i» a>
u a>
20 (1)
20 (1)

14 a>
U (1)
14 (1)
19 (1)

Oak. vlllow; flooaylala

30:30
30:30

90:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
4t:4l

41:41

50:50
t:9

10:10
10:10
10:10
tit

ft4:ft4
40:40

lf:19
7:7

30:30
30t30
30:30
30:30

29:29
50:50
2t:2»
4t:4ff

50:50
49:49

30:30
30:30

0.07
.04

.15

.24

.23

.29

.52

.43

.91
1.1

1.3
1.4
1.0
1.2
1.0

.41

.75

.71

.35

.47

.32

.72

.73

.29

.3*

.14

.17

.19

.37

.24

.2*

.27

.27

.19

.19

.24

.17

.24

.9*

.•0

44
.2*
90
94

.41

.12
50

.4*

.33

.40

2.07
1.75
1.44
l.CO
1.41
1.09

1.70
1.50

2.27
1.74

1.47
1.43
2.44
1.92

1.99
1.07
1.74
1.90

1.42
1.97

1.90
2.07
1.93

1.41
1.41
1.41
1.41
1.41

1.41

1.U
1.10

1.41
1.41

1.34
1.41
1.34
1.34

l.tt
1.41

1.41

0.015
.007

.01

.02

.1

.09

.19

.3

.1

.5

.7

.5

.3

.7

.5

.15

.2

.5

.2

.2

.19

.07

.1

.07

.07

.01

.07

.1

.07

.19

.10

.07

.1

.07

.02

.03

0.2
.15

1
.7

1.5
1

1
1.5
2
3

2
5
2
2
2

10
1.5
1.5
.7

1
.7

7
2

.5
- I

.7

.5
1.5
1

.7
1
1.0
1.4

• 1

1.5
.7
.7



GEOCllEMlSi K.Y OH SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TADLC 5.—Aluminum in rocks, unconsolidaled geologic deposits, soils, und plant uh—Continued

Saupla, and collection locality,

Study
Ho. and
aathod of
analvaie

latio Devia- Irrer
Observed

range
(percent!.

Hatlve species --Continued
Pine, shortleaf; Oek-hickory-piaa

Suaac, vinged, steas; Georgia——

Suaac, vinged, leaves; Georgia—

Suaac, saooth; Missouri
Floodplaln Forest————

Bnglaciated Prairie -— — —

Sweetgua; Floodplaln Forest, Missouri

20 (1)
14 (1)
15 (1)
14 (1)
15 (I)

14 (1)
15 (1)
14 (1)
15 (1)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

14 (1)
15 (1)
14 (1)
15 (1)
20 (1)

49:49
17:17
27:27
17:17
27:27

30:30
30:30
30:30
30:30

48:48
50:50
49:49
49:49
50:50
49:49

28:28
27:27
28:28
27:27
47:47

3.9
.39
.37
.43
.63

.19

.23

.26

.51

.11

.13

.11

.10

.12

.13

.20

.37

.62

.85

.18

1.65
2.42
2.67
2.26
2.04

1.73
1.90
1.86
2.12

2.55
2.09
2.29
1.92
2.11
1.99

1.48
1.77
1.54
1.77
1.85

1.61

—
—
—
—..

—•-

—
1.61
1.61
1.61
1.61
1.61
1.61

..

—
—
—1.61

1.5
.05
.05
.15
.15

.07

.07

.1

.15

.02

.01

.02

.02

.02

.02

.1

.15

.2

.1

.05

- 10
- 2
• 2
- 2
- 2

.7
- 1

1.5
- 2

- 1
.5

- 1.5
.5
.7
.7

.5
- 1.5
- 1.5
- 2

.5

TABLE 6.—Antimony m toils

[Explanation of eoluan hoadlaca: Study Ho. nfara to study daacribad la taxt; Mtfaod of aaalyaia (In
paranthaMt) rafart to Mthed liitad la tabla 1. Ratio, anfcar of aavplaa la which tha alaavmt «aa
found la uaaaurabla concantrationa to •oabar of aoplaa amalysad. Maaa, gaoaatric aaan. Dariation,

. gaoaatric drrlatioa. Error, taoaatrlc arror attributed to laboratory precaduraa. laadara (•-) la
flgur* coluas iadicata ao data availabla]

Study
Ho. aad

Sarnpla, and collactioa locality uatnod of latlo Daria- Error
Obaanrad

ranga

Cultivated and uncultivated
1 horizon; Eastern United Statet--— 21 (1) 1:362 <50 <150 • 500

AUnOHDM, AHTOOn



STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

7. ttmnm. m terto. •••moftoitirf gtolegif itpoiiu. totU. mm

-Tlm of cotaoa •*•<!••.• Scaly Bo. nfori to tatty teocrlbo* ia Mat; ••chad of oaalyala (la
rafors to aacaoi lloco* te eaoio i. latlo. MMeor of OMplo* la wkich tho

ia aoioariMa CMMaCxaciom* Co •••*•* of oiooUa aaalysoi. MMB. ciooatric oaoa. OovUtloo.
dovlacioa. tnoc. tooaocrlc error accrlbvcod to laboratory •rocotero*. Loodorc (— ) la

lalieMo ao 4au

ObMrrod
. oai coUoccloa locality

tl ....—~ 1 (t) 29:30 2.9 2.11 1.12 <1 -19

Bkyalica
MUaaarl— .... 1 (*) 2S:30 4.7 4.01 1.12 <1 -300

4 («) 7:12 l.l 1.57 1.42 <l • 2.7

* (*) 29:32 4.3 2.51 l.tt <1 - 25

7 (•) 7:20. <1 — — <l - 4.3

aa4 •ihaaoil 7 (*) IStlS 4.4 2.22 1.21 1.7 • IS

tut OMoho • • « (•) 32t32 9.0 2.11 1.21 1.4 - 27

.. •. _ ».—.. 4 (*) 2St4S 1.2 2.42 1.2* <1 -17
Tl||imii ii| uri; aiiOUMi 10 («) 3:12 .74 1.53 1.2* <l - 1.5
iHaal ••!•»!••-

»o 7 (•) 17:40 .S3 2.5S 1^* <l - C.3

— * (i) 27:32 2.5 2.95 1^* <1 -39

24:24 IS 1.3* 1.19 11 -31
24:24 15 1.SS 1.19 3 . 7 - 4 2

24s24 19 1.74 1.19 7.9 - 61
24:24 21 1.3S 1.19 12 -33
24:24 21 1.37 1.19 S.7 • 34

13 (*) 24:24 S.3 1.3S — 3 - 1 3



GEOCHEMISTRY OF SOME ROCKS. SOILS, AND PLANTS IN THE UNITED STATES

TASLE 7.—Arsenic in rocks, unconsolidtted geologic deposits, soils, tnd dry plants—Continued

F27

Staple, and collection locality

Study
Ho. and
Mthod of Ratio
analysis

Maaa Devia-
tion

Irror
Observed

range
(veu)

SOU-'

Cultivated
Plow zone, corn field; Missouri

Floodplala Foreat— — — — —

Unglaciated Prairie— — — — —
Oak-hickory Foreet————

Plow zone, soybean field; Miaeouri
Floodplala Foreat— ——————
Glaciated Prairie— — — —
Uaglaciated Prairie— —— — — —
Oak-hickory Foreet————

Plow zone, pasture field; Miaeouri
Floodplaia Foreet————
Glaciated Prairie— • — — —

Oak-hickory Forest————

17
17
17
17

17
17
17
17

17
17
17
17

(6)

(6)

(*>
(6)
(6)
(6)

(6)
(6)
(6)
(6)

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

5
10
10
8

5
12
11

7

6
12
9
8

.5

.8

.9

.1

.4

.3

.5

1.68
1.32
1.47
1.23

1.70
1.31
1.52
1.38

2.25
1.63
1.41
1.22

1.
1.
1.
1.

1.
1.
1.
1.

1.
1.
1.
1.

10
10
10
10

10
10
10
10

10
10
10
10

1.
7.
4.
6.

2.
7.
5.
4.

1.
7.
5.
6.

8
0
8
1

7
6
5
1

6
1
1
4

- 9.1
- 14
- IS
- 14

- 15
- 17
• 24
- 12

- 36
- 27
- 14
- 13

Surface horizon; Kiaaouri———— 16 (6) 1,140:1,140 8.7 1.46 1.16 2.5 - 72

Uncultivated
B horizon; Missouri

Unglaciated Prairie—— — —

Oak-hickory Forest————
Oek-hickory-piae Foreat— — —

Cultivated end uncultivated

B horizon; Eastern United States—
B horizon; Western United States—

20 (6)
20 (6)
20 (6)

20 (6)
20 (6)

21 (6)
21 (6)

50:50
50:50

50:50
50:50

168:168

413:420
489:490

7.5
13
12
8.4
8.0
6.7

5.4

5.4
6.1

2.03
1.27
1.55

l!83
1.67

2.20

2.24
1.82

1.21
1.21
1.21
1.21
1.21
1.21

1 *A• wv

e»e»

2.4
7.2
3.4
2.6
2.4
2.7 -

1.2 -

170
20
38
22
28
44

24

73
97

DRY PLANTS

Native apeciea
Buckbush; Oak-hickory Foreat,

Suajac, aaooth; Glaciated Prairie,
20 (6)

20 S61

1,U 0.25
—

- 0.25

1.5

ARS»IC



F28 STATISTICAL STUDIES IN HELD GEOCHEMISTRY

COM**!* gtologiC *»«IU. Mill. —

of tHlmm aaailasa: St»dy Bo. Tatars to study described la
nfor* to astfcol liotod la uklo 1. Ratio, •••tiir of MaalM la vkick taa

•ie ••vlattoa. ttror, sooaatric ozror attributed to laboratory (—) U

•Ivali
of MCio

Cid

OUflkr

<*!••••

1 O)

i a)

* a>

7(1)

* (1)

30: M 350

30:30 MO*

•0:80 340

3f7:3M
I2tl2

120tl20
152:132

32:32

20:20

142:142

11:11
152:132

32:32

tt:M

1M:392
4«t44
IO:M
10:12

112:112
152:152

100
3>

100
140

170

23

510
300
250

220
410

430

510

2k
9.2

43
5.*

54
29

140

2.57

1.M

2.10

2.97
1.92
I.t7
2.13

2.17

1.52

1.M
1.M
1.44

2.15
1.53

1.41

1.79

7.40
3.41
3.12
5.04
2.59
2.32
1.99

1.07

1.07

1.17

1.25
1.24
1.2*
1.20

1.24

1.24

1.12

30

200

90

1.11

10 •
10 •
30 -

50 -

10 -

60 -
•0 •

110 -

70 -
90 -

200 •

1.14

32:32 44 3.01

1.30
i.n
1.30
104
1.34
104

1.30

oo •
1 -

10 -
<1 -
10 -
5 -

30 -

10 •

2.000

2,000

4.700

7.500
100
340

1.700

700

50

3.900
1.000
1.500

700
970

700

150 - 4.200

1.400
100

3.000
70

300
300
500

500



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TASLC 8 Barium in rocks, tmcansoliduted geologic deposits, soils, mnd plant wA—Continued

F29

Staple, and collection locality

Study
Mo. aad
•ethod of
analysis

Ratio Devia
tlon

Irror
Observed
range

ROCKS'^ontlnued

Sidarita
Dppar Palaoaoic; Kentucky———— 11 (1) 30:30 160 1.50 70 • 300

TOCWSOLIDATED GEOLOGIC

Carbonate residuua (terra rosaa)
On Gaaeooade Formation; Missouri-- —
On Roubiabux Formation; Missouri— —
Oa Jefferson City, Cotter, pad

Powell Ponations; Hiaaouri aad

On Osageaa rocks: Missouri——
On Meraneciaa rocks; Missouri——-

Loess

12 (1)
U (1)

12 (1)
U (1)
12 (1)

W (1)

24x24
24:24

24:24
24:24
24:24

24:24

DEPOSITS

140
170

190
150
170

840

1.30
1.38

1.37
1.39
1.24

1.30

1.19
1.19

1.19
1.19
1.19 '

70 •
70 •

100 -
100 -
100 -

500 •

200
300

500
300
300

1,000

SOILS

Cultivated
Plow zone, garden; Georgia———

Plow tone, corn field; Missouri

GlftcUttd FtmirU— —————— ••
UngUciatcd ?r*irift— — — — — —

Plow ZOM, «oyt**tn fiald; Mlsaovri
sf TfMMJttTal^** ypf ^Mt e»e»»»eteBe»aie>e>e»»e»»e»e»e»»

Glaciated Prairie-—- — — — —
Unglaeiatad Prairie— — — ~ -— —
Oak-hickory Poreet— — — — - — —

Plow cone, pasture field; Missouri
Ploodplaln Porest— — — — — —

Untlaciated Prairie— — — — — —

1* (1)
W (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
t7 /1\

30:30
30:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
in. in

63
250

800
810
600
700

630
700
650
640

700
780
670
von

1.42
1.52

1.20
1.28
1.39
1.26

1.26
1.26
1.28
1.51

1.18
1.33
1.46
i <«

mm

1.14
1.14
1.14
1.14

1.14
1.14
1.14
1.14

1.14
1.14
1.14
1 1A

30 -
100 •

700 •
500 •
300 -
500 -

500 •
500 -
500 -
300 -

500 •
500 -
300 -
vtn _

150
500

1,000
1,000
1,000
1,000

1,000
1.000
1,000
1.000

1,000
1.000
1,000
i nnn

Surface horizon; Missouri— —- 16 (1) 1.140:1,140 580 1.46 1.28 100 • 1,500

Uncultivated
Surface horizon; Powder River Basin,

Wyoming and Montana 25 (1) 48:48 740 1.36 1.29 500 - 3,000

A horizon; Georgl*"————— —— 14 (1) 30:30 100 1.73 — 50
15 (1) 30:30 290 1.85 — 70

A horizon; Kentucky —„—..—. 18 (2) 96:96 296 1.46 1.09 90
19 (2) 108:108 350 1.47 1.04 110

500
1,500

520
740

BARIDM
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Tmst. §»mm m met*. tu»ta*toh4tti* ftotoc* 4tpouU. nil*. «W ptou «ifc—Coaununl

U (1) 30:30 M 1.60 — 5 0 - 3 0 0
15 (1) 30:30 270 2.00 — 30 - 700

• hMlM: ******* • U (2) *:96 300 1.41 L.09 110 - 690

(1) 50:50 660 1.43 1.30 300 - 3.000
tott* tmlrt* 20 (1) 50:50 560 1.46 1.30 200 - 1.000

mtrte- 20 (1) 50:50 490 1.5* 1.30 200 - 1.000
. .... 20 (1) 50:50 250 1.61 1.30 100 - 700

ictocy JH««C 20 (1} 50:50 390 1.70 1.30 100 - 1.000
20 (1) 50:50 340 1.96 1.30 70 - 1.500

C h«rlMa; fl««ll« 14 (1) 30:30 94 1.03 — SO - 500
IS (1) 30:30 290 1.77 — 7 0 - 7 0 0

C h«rlM»; fi—T M C*> H:96 250 1.54 1.09 00 - 640

160:160 550 1.71 1.26 150 - 1.500

371(371 300 2.1> — 15 - 1.000
4f2:492 560 1.10 — 70 - 5.000

23 (1) 3:5 290 1.06 — 1 0 0 - 7 0 0
14 (1) 30:30 100 2.14 — 5 0 - 3 0 0
U (1} 15:15 190 2.67 — 2 0 - 2 0 0
U (1) 30:30 170 2.73 — 7 0 - 3 0 0

23 a) *»* 360 1.34 — 3 0 0 - 5 0 0
14 (1) 29:29 130 2.06 — 7 0 - 5 0 0
U (1) 2fls2t 320 2.95 — 3 0 - 5 0 0
15 (1) 30:30 450 1.47 — 200 - 1.500

23 a) 11:11 160 1.69 — 5 0 - 3 0 0
23 O) fet 320 2.56 — SO - 1.000
14 (1) 29(29 54 2.37 — 1 0 - 3 0 0
15 (1) 30:30 47 2.12 — 10 - 200

17 (1) •:• U 2.55 1.26 5 - 100
17 (1) 10:10 15 1.M 1.26 7 - 50
17 (1) lOslO 16 1.91 1.24 5 - 50
17 CD W:W> 21 2.tt 1.26 5 - 70
23 a) 27:27 32 2.10 — 1 0 - 1 5 0

23 O) 4*4 140 2.00 — 5 0 - 2 0 0
23 (1) 7:7 200 1.62 — 1 0 0 - 5 0 0
23 (1) 4:4 62 1.67 — 3 0 - 1 0 0
23 O) lOilO 120 2.79 — 3 0 - 7 0 0



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TAILS 8.—Barium in rocks, unconsolidtted geologic deposits, soils, end pUnt tsh—Continued

F29

Sample, and collection locality

Study
Ho.
•ethod of Katie
analyaia

Devia-
tion,

Error
Observed

rente

tOCKS--Continued

Slderita
Upper Paleoaoic; Kentucky 11 (1) 30:30 160 1.50 70 - 300

DHC<

Carbonate realduuB (urra roaaa)

On fcoubldoux PotBtttoa; Miaaourl— •—
On J«ff arson City, Cottar, a»d

Povall Ponatioas; Miaaouri and

On Osaftaa rockai Missouri— — — —
On Menace ian reck*; Miaeouri—- — -

Loess

XSOLTDA

" (1)
U <i)

12 (1)
12 (1)
12 (1)

13 (1)

JP CBOLOflIC

24:24
24:24

24|24
24:24
24:24

24:24

DflrxiJUM

140
170

190
ISO
170

840

1.30
1.38

1.37
1.39
1.24

1.30

1.19
1.19

1.19
1.19
1.19 '

e»«»

70 -
70 -

100 -
100 -
100 -

500 •

200
300

500
300
300

1.000

SQILff

Cultivated
Plow zoaa, garden; Georgia— — — —

Plow son*, con field; Miaaourl
Ploodplain Poreat— — — — — — —
ClaeUted Prairie— — — — — —
Unglaeiated Pratrte— — —- — — •

Plow cone, soybean fteld; Mlaaonri
Floodplaia poreat-— —-—•——

Uttglactatad pralria— ———-*—
Oak*fcickory poraat— *•—*———

Plow zona, pasture fiald; Mlaaquri
Ploodplala Por«»t— • — — — ̂ — -—
Claciacad Prmirit— — ^— — — — —

1* (1)
15 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

i& tt\

30:30
30:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

1 lArt. 1 14*

63
230 .

BOO
810
600
700

630
700
650
640

700
780
670
590

1 MA

1.42
1.52

1.20
1.28
1.39
1.26

1.26
1.26
1.28
1.51

1.18
1.33
1.46
1.58

1 AX

1.14
1.14
1.14
1.14

1.14
1.14
1.14
1.14

1.14
1.14
1.14
1.14

i 9m

30 -
100 -

700 •
500 •
300 -
500 -

500 •
500 -
500 -
300 -

500 -
500 •
300 -
300 -

1AA -

150
500

1.000
1,000
1.000
1.000

1,000
1.000
1,000
1.000

1,000
1,000
1,000
1,000

i <nn

Uncultivated
Surface horizon; Ponder Kiver Basin,

Vyomia* and Montana—--———— 25 (1) 48:48 740 1.36 1.29 500 - 3,000

A horizon; Georgia——————— 14 (1) 30:30 100 1.73 — 5 0 - 5 0 0
15 (1) 30:30 290 1.85 — 70 - 1.500

A horizon; Kentucky——-—.——~ 18 (2) 96:96 296 1.46 1.09 90 - 520
19 (2) 108:108 350 1.47 1.04 110 - 740

BAUDM



F30 STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

, toil*, «W pltm

DcvlB- trror

30: M 84 1.48 — 3 0 - 3 0 0
30:30 270 2.00 — 30 - 700
94:94 300 1.41 1.09 110 - 490

30:30 440 1.43 1.30 300 - 3.000
30:30 340 1.44 1.30 200 - 1.000
30:30 490 1.38 1.30 200 - 1.000
30:30 230 1.41 1.30 100 - 700
30:30 390 1.7* 1.30 100 - 1.000
30:30 340 1.94 1.30 70 • 1.300

30:30 94 1.83 — 3 0 - 3 0 0
30:30 290 1.77 — 7 0 - 7 0 0
94:94 230 1.34 1.09 80 - 440

1481144 330 1.71 1.24 130 - 1.300

371:371 300 2.19 — 13 - 1.000
492:492 340 1.80 — 70 - 3.000

i; VUeoMla 23 (1) 3:3 290 1.84 — 1 0 0 - 7 0 0
0«oc»U 14 a) 30:30 100 2.14 — 3 0 - 3 0 0

IS (1) 13:13 190 2.47 — 2 0 - 2 0 0
C*ot»U " — • 14 a) 30:30 170 2.73 — 7 0 - 3 0 0

23 O) *** 340 1.34 — 3 0 0 - 3 0 0
14 (1) 29:29 130 2.04 — 7 0 - 3 0 0
14 (1) 28:28 320 2.93 — 3 0 - 3 0 0
13 a> 30:30 430 1.47 — 200 • 1,300

23 d> 11:11 140 1.49 - 3 0 - 3 0 0
23 a) •*• 320 2.34 — 30 - 1.000
14 (1) 29:29 34 2.37 - — 10 - 300
13 (1) 30:30 47 2.12 — 1 0 - 2 0 0

———~—— 17 (1) 8:8 21 2.33 1.24 3 - 100
fi»Ui« 17 (1) 10:10 13 1.88 1.24 7 - 30

f»irto 17 O) 10:10 14 1.92 1.24 3 - 30
... • 17 a) 10:10 21 2.82 1.24 3 - 70

......... .. 23 a> 27:27 32 2.10 — 1 0 - 1 3 0

4:4 140 2.00 — 3 0 - 2 0 0
7:7 200 1.42 — 1 0 0 - 3 0 0

—-— 23 (1) 4:4 42 1.47 — 3 0 - 1 0 0
•—— 23 a) 10:10 120 2.79 — 3 0 - 7 0 0



GEOCHEMISTRY OF SOME ROCKS. SOILS, AND PLANTS IN THE UNITED STATES

TAMIE 8.—Btrium in rocks, unconsolidated geologic deposits, soils, ind pUnt MA—Continued

Til

Study
No. and

Sample, and collection locality •-• method of Ratio
analysis

Mean
(DUB)

Devia-
tion

•nor
Observed

range
(turn)

PLANT ASH— Continued

Cultivated plants— Continued
Soybean; Missouri

Floodplaln Forest—————— 17 (1)
Glaciated Prairie— .— — 17 (1)
Unglaciated Prairie— — — t- 17. (1)
Oak-hickory Forest—— — — 17 (1)

Tomato; Georgia—————— 14 (1)
15 (1)

Native species
Black cherry, stems; Georgia—— 14 (1)

15 (1)
Black cherry, leaves; Georgia—— 14 (1)

15 (1)

Blackgum. stems; Georgia———— 14 (1)
15 (I)

15 (1)
Buckbuah; Missouri

Glaciated prairie———— 20 (1)
Unglaciated Prairie— — — 20 (1)

Oak-hickory Forest——— 20 (1)
Oakohickory-plne Forest—— 20 (1)

Cedar; Missouri
Cedar Glade 20 (1)
Glaciated prairie——— 24 (I)
Dnglaciated Prairie———- 24 (1)
Cedar Glade—————— 24 (1)
Oak-hickory Forest— —.....— 24 (1)
Oak-hickory-pine Forest—.— 24 (1)

Hickory, shagbark; Kentucky—— 18 (1)
Hickory, ahagbark; Missouri

Oak-hickory Forest—————— 20 (1)

Maple, red, stems; Georgia—— 14 (1)
13 (1)

Maple, red, leaves; Georgia—— 14 (1)
15 (1)

19 (2)

Oak. post; Cedar Glade, Missouri— 20 (1)
Oak, red; Kentucky — — — 18 (1)

19 (2)
Oak, white; Kentucky——— 18 (1)

19 (2)

10:10
10:10
8:8
9:9

30:30
30:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
50:50
49:49
41:41

49:49
9:9

10:10
10:10
10:10
6:6

64:64
40:40

19:19

30:30
30:30
30:30
30:30
25:25
21:22

50:50
28:28
8:8

49:49
73:75

440
220
290
230

60
38

3,600
3.000
2,400
2,100

7.200
9.800
2.800
4.100

2.700
2.500
1,200
3.800
4,500

320
2.000
2.900

370
3.800
4.100

11,000
9,300

7,700

3,500
3,600
1,400
1,300
3.500
4.300

660
4.700
5.300
5,500
5.500

2.33
2.43
2.18
1.82

2.43
1.80

.2.93
3.12
2.50
2.80

2.18
1.67
2.54
1.73

1.52
1.48
1.84
1.63
1.87

2.50
1.63
2.09
2.50
2.04
1.44

1.40
1.65

2.38

2.82
2.17
2.73
2.02
1.56
2.03

2.31
1.70
1.75
1.43
1.63

1.26
1.26
1.26
1.26

..

—••
~
..
.-

..

.«

..

—1.49
1.49
1.49
1.49
1.49

1.49
~

—
—
..

—1.14
1.14

1.49

..

.-
•«
•-

1.21
1.06

1.49
1.21
1.06
1.21
1.06

100
30
70

150

7
15

300
300
50

200

200
1.500

50
1,000

1,000
1.000

300
1.500
2.000

100
1.000

700
200

1.500
3.000

7.000
2,000

500

50
300
70

300
1,500

840

100
500

1,700
2,000

890

- 1.500
500
700

- 1.000

300
150

- 10,000
- 15,000

7,000
- 10,000

- 15,000
• 20,000
- 7,000
- 10,000

- 5,000
- 7,000
- 7,000
- 10,000
- 30,000

- 7,000
- 5,000
- 7,000
- 3.000
- 10,000
- 7,000

- 20.000
- 20,000

- 20,000

- 15.000
- 10,000
- 5,000
- 7,000
- 7.000
- >10,000

- 5,000
- 10,000
- 10,000
- 15,000
- no.ooo

BARIUM
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*•»!•. Mi colUctlaa Uccllcy

Oik.
Mti

i; Qmt^Ut-

20
20

(1)
O)

20 G)
U(l)
13 (1)
U (1)
15 (1)

20(1)
14 (I)
U O)
14 (1)
15 CD

30:JO
49:49

44:44
30x30
30:30
30s30
30:30

49:49
17:17
27:27
17:17
27*27

30:30
30s 30
30:30
30t30

40«40
30:30
49:49
49:49
30s 50
49:49

21:20
27:27
20:20
27s27
47:47

4,200
3.000

2.700
1.300
1.900

970
710

1.100
3.000
2.MO

710

4.500
3.200
1,900
1.300

2. §00
2.«00
270

3.400
4̂ 00

2.300
2.1

1.300
2.000

1.50
1.44

1.57
2.29
2.40
2.09
2.57

1.79
2.2*
2.37
1.99
1.7*

1.97
2.40
1.04
2.42

1.04
1.40
1.7B
2.3S
2.33
2.00

1.99
2.03
1.99
2.39
l.ftl

1.49
1.49

1.49

1.49

1.000
3.000

1.000
150
500
70
30

300
700
500

1.49
L.4J
1.49
1.49
1.4J
1.49

1.49

300 -

700 -
300 -
700 -
300 •

1.500 •
700 -
700 •
70 -
200 •

1,000 -

700 -
1,000 -
300 •
300 •
500 -

10.000
15.000

5.000
10.000
20,000
3.000
7.000

5.000
10.000
10.000
3.000
2.000

13.000
10.000
7,000
7,000

10,000
7,000

10,000
3,000

10.000
50,000

7,000
10,000
5.000
7.000
5,000



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TAILE 9.—Beryllium in rocks, uncoruolidated geologic deposits, soils, tnd pltnt tsh

F33

[Explanation of colum head lag*: Study Mo. refers Co study described in text; ewthod of analysis (la
parentheses) refers Co Mthod listed in tabl* 1. let to, auefcer of samples la which Che eleatent we
found la aeaaurable concentrations Co number of Magics enalyxed. Mean, ceoaetrlc a*aa. Deviation,
geometric aeviacion. Error, geoeier.gig vrror «tt
figure colusn indicate no data available]

Study
Mo. and

Sample, end collection locality method of
analysis

•a

Granite

Ihyolite
Precembrlan; Missouri—————— 1 (1)

Send stone
Seuk sequence; Western United States- 3 (2)
Penasylvenian; Missouri, Kansas,

Shale
Upper Mississlpplan; Kentucky—— 5 (2)
Misslsslpplan; Missouri, Oklahoma,

Pennsylvenlaa; Kentucky———— 5 (2)
Peaaaylvanlaa; Missouri, Kansas,

and Oklahoma—— — — — — 6 (1)

Limestone and dolomite
Upper Ordovician; Kentucky———— 5 (1)
Upper Misslsslpplan; Kentucky—— 5 (1)
Pennsylvealen; KenCucky— - «•-•— 5 (1)
Pennsylvaaien; Missouri, Kansas,

Siderice

OlIC^I'SOLfllAXB)

Carbonate residuum (Carre rossa)
Oa Gasconade Format ion; Missouri— 12 (1)
On loubidoux Formation; Missouri— 12 (1)
OB Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas— 12 (1)
Oa Osegeen rocks; Missouri—— 12 (1)
On Meramecian rocks; Missouri—— 12 (1)

curaiee to laooreco

Katie Mean

CKS

M ,<tn * A

25:30 1.5

38:400 <l

i/»v an

1:142 <S

17,18 1 1

2:152 4

31:32 1.7

1:80 <5
1:152 <3
4:80 <2

1 *li <1

11. in i 7

CBQLQSXC DEPOSITS

15:24 <L
12:24 <l

19:24 1.0
15:24 1.1
22:24 1.7

iry procmin*. utm

Devia- Irror
cioa

I Aa i 4a

1.54 1.20

I n —

1 6& 1 27

1.44 1.27

m»e» ••«*

1 !• ••

e»a» mm

1.19 1.16
1.30 1.16
1.23 1.16

were ^— | in

Observed
range
(DM)

< _ \
m J

<l - 3

<1 - 12

^1 • 1 «i

<5 - 5

<1 -3
•« • 5

<l - 3

<5 - 5
4 - 2
<a - 10
<i • i

o - a

<l - 5
<l - 2

<1 - 2
<1 - 3
<l - 3

Loess
Missouri—— .. 13 18:24 .95 1.22 - 1.5

BOTU.IBK
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i facto, ••nmmlifrftd grolog* Irfanu. totU.

*••»!•, mt collwcm locality of tecto

sons

Pl«r
tlOTMM.

ru*

ftoU;

ftoU;

fteU;

VMMK

e
e

•lei

taOKh?

u a>
x7 a>
17 (1)
17 a)

17 a>
17 (1)
17 (1)
17 a>
17 (1)17 a)
17 a>
u a>

u a>u a>u a>

20
20
20
20
20

C»

a>
a>(i)
a>
a>

20 (1)

u a>
» a)
11 (2)

2:30

4s 10
3:10
2:10

1:10
4:10
Z:S
1:9

3:10
1:10
1:10

1:30
1:30

10:M

13:M

33:50
4*:50
47:50
27:50
20:50
21:50

1:30
1:30

lt:H

22 (I) 11511M

121:3n
l*ft:492

520:1.140 .•

4
4.

.99
1.2
1.3
.U
.7*
.77

•4
•4
<2

1.4

.ft

.ft

•4.5 —

1.2
1.1

4.5

•4.5
1.2
1

4.

1.
•4.
4.

•4.5 • 5

1.31 —

1.34

1.31

1.43 1.1*

1.4ft
1.29
1.27
1.47
1.42
1.47

1.52

2.53
2.47

l.lft

•4.5 -
•4.5 -
<1.5 -

•4.5 -
•4.5 -
•4.5 -
<1.5 -

•4.5 -
<1.5 -
•4.5 •

4 -

•4 -
<l -
<2 •

«3 •

^ -<l -
•4 -
<l -
•4 -
^, -

4 -
•4. -
<2 •

<1.5 -

1.5
1.5
1.5

1.5
1.5
1.5
1.5

1.5
1.5
1.5

2

1.5
1.5
2

3

2
2
2
1.5
1.5
1.5

1.5
1.5
3

7

4.
•4

7
7

MUM

Itetoty.
W <*>
!• (1)
19 (2)

20 a)
M (I)

ll:tt
11:40
2:20

3:19
4:7

.ft4 4.47 —

2.0 2.11

- 6
- 7
- 6

- 2
- 7



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN TI IE UNITED STATES F35

TAILE 9.—Beryllium in rocks, unconsolidated geologic deposits, toils, tnd plant ash—Coniinuctl

Sample, and collection locality

Native species— Continued
Oak, black; Kentucky— — — — —

Oak, white; Kentucky——

Study
Ho. and
Method of
analysis

PLANT ASH

19 (2)
1 ft /IN

19 (2)

tatlo Mean Devia- Brror
fora) tion

--Continued

2:22 <4
1 Ol ^9 _•

9:73 «4 —

Observed
range
{DDB)

<U - 5
^* _ ^

<4 •» 5

TAKJC 10.—Bismuth in soils

[Explanation of eoluaa headings: Study Mo. refers to study deaerlbed la text; aethod of aaalyais (la
parentheses) refers to Method Hated ia table 1. tatio, onaber of samples ia which the eleaeat was
found la Measurable concentrations to water of Maples analyzed. Mean, geoaetrle aean. Deviation,
geoaetrie deviation. Brror, geoMetrlc error attributed to laboratory procedures. Leaders (—) ia
figure coluan indicate no data available]

Saapla, and collection locality

Cultivated aad uncultivated
B horizon; Western United States—'

Study
Mo* ftiv^
Method of tatlo
vt*lvals

- 21 (1) 2:492

Maaa Devia- Error
(MM) tlon

<io — —

Observed
raaga

<10 - 15

TAILE 11.—Boron m rocks, unconsolid*t*d geologic deposits, soils, aid pltnt »sh

[Explanation of coluao headings: Study Ho. refers to study deacribed ia test; awthod of analysis (la
parentheses) refers to awtnod liatad la table 1. Katlo, onaber of aMples ia vbieh the elesjant was
found la awaaurable eonceneratlona to maibar of aae^les analysed. Mean, gaosjatrle aaaa. Deviation,
gaoMtric deviation. Brror, geoswtrlc error attributed to laboratory procedures. Leaders (—) la
figure colusn Indicate no data available]

Study
•o. aad Obeerred

Saaple, aad collection locality Method of tatlo Mean Devia- Brror range
•n*1vaia form) tlm {PPM)

nxnw

Granite
Preeaabrlaa; Missouri—————— 1 (1) 5:30 <0 — — <M) - 20

Rhyolita
Precaabrian; Missouri———— 1 (1) 6:30 <0 — — «20 - 30

Arkose
Fountain Fonatlon; Colorado——— 2 (2) 22:60 3.2 3.46 — <7 - 68

BBmXJDM, BISMOTH, BOKOM



F36 STATISTICAL STUDIES IN HELD GEOCHEMISTRY

M *K*(. MMnwMiMrf ftotogit Irfonti, lotU. *md

ll«cr locality irror

BlMk
MiwiM;

* (I)

* (1)

3 (2)
• (2)
9 0)

7 (I)
3 (2)

• O)

* <2>

t (1}
S (1)

•ill
57:120
Ms 152

IS
u
20

I«i20 39

43
Mi 7*

U0sl42

Its II
149:192

32:32

•7s M

72

110

1.71
1.70
i.n
2.00

1.10

2.41
2.0*
1.61

i.n

1.34

1.40
1.42
1.54

1.40

1.40

1.15

1.73
1.20

1.73

1.09

<20
<20

n
1:12

32:112
13:152

2:40
IfcM

1:32

29
00

1.M

l.M

OO
O3
OO

20
00

50

OO

oo
•CO
00
OO

«30 OO

OO

50
54
90

70

70

220
150
170

150
160

. 150

190

130
100
20

100
100

300
100

20

11 CD 3s 30 OO - 50

1.05

1.0S
1.03

1.03

OO •
OO •

OO -
00 •
OO •

20
20

20
20
30



GEOU ItMiSTRV OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TABLE 11.—Boron in tocki, uncontolidtltd ftolofic deposit*, toilt, and pUnt tsh—Cnntinurd

F37

Sample, and collection locality

Study
•o. aad
•ethod of
analysis

Katie Mean
(DM)

Devia-
tion

Error
Observed

rants
(DOM)

DHCCMSOLIDATZD GEOLOGIC DEPOSITS— Continued

Loess
13 (I) 24:24 33 1.46

—
30 • 70

SOILS

Cultivated
Plow coa«, garden; Georgia——

Plow zone, eon field; Missouri

Unglaciated Prairie-- — — — •— —
Oak-hickory Forest— — — — •— —

Plow coa«, soybean field; Missouri

Glaciated prairie————
Unglaciated Prairie— — — — ~
Oak-hickory Foreat— — —

Plow cone, pasture field; Missouri
Floodplala Forest— -— .— — — —
Glaciated Prairie— — — — — —
Unglaeiatad Prairie— — — — -— -
Oak-hickory Porast— — — —

14 (1)
IS (1)

17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

15:30
17:30

9:10
10:10
iO;10

a: 10
lOilO
8:8
8:9

7:10
9:10

10:10
10:10

25
31

25
29
41

21
29
31
27

21
28
36
26

1.91
2.47

1.53
1.52
1.39

1.46
1.52
1.53
1.54

1.56
1.60
1.47
1.46

1.51
1.51
1.51

1.51
1.51
1.51
1.51

1.51
1.51
1.51
1.51

OO •
<W -

<20 -
20 •
20 •

<20 •
20 •
20 -

<ao .
<20 •
•CO •
20 -
20 -

100
150

50
50
50

50
50
50
50

50
50
50
50

Surface horicon; Missouri—*

Uncultivated
Surface horicon; Powder liver Basin,

— 16 (1) 1.113:1,140 31

Wyofaiag and Montana—

A horicon; Georgia—-

A horicon; Kentucky—*—

25 (1)

- 14 (1)
15 (1)

•- 18 (2)
19 (2)

B horicon; Georgia———— 14 (1)
15 (1)

B horizon; Kentucky———— 18 (2)
B horizon; Missouri

Floodplaln Forest————
Glaciated Prairia———
Unglaciated Prairie———
Cedar Glade————
Oak-hickory Po*«st——•
Oak-hickory-pitta Forest—*

20 (1)
.. 20 (1)

20 (1)
.̂ 20 (1)

20 (1)
- 20 (1)

C horizon; Georgia——

C horicon; Kentucky——

......... 14
15 (1)
18 (2)

44:48

10:30
13:30
87:96

107:108

10:30
14:30.
89:96

46:50
49:50
50:50
43:50
49:50
49:50

9:30
12:30
79:96

29

18
22
45
63

20
25
39

29
33
35
27
39
32

18
20
34

1.34

1.54.

2.55
3.08
1.46
1.26

1.85
2.87
1.49

1.44
1.38
1.40
1.48
1.41
1.43

2.03
2.94
1.72

1.46

1.23

1.16

1.31
1.31
1.31
1.31
1.31
1.31

<20 - 700

«20 - 70

oo .
00 -
40 -
00 -

oo -
oo -
<20 -

<20 .
«20 •
20 -
<to -
<20 •
<20 -

OO -
00 -
oo -

100
150
78
90

50
150
130

50
70
70
50
70
50

70
200
140

BOKOI



FS8 STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

T«IU II. ••!•• • MdU, iMinainhdiiirf notofir d>»onu. jwlt. «

locality

22 (1) 70:lft« OO — — OO - 70

293:371 32 1.92 — <10 • ISO
303:492 22 2.09 — <10 - 300

<*•!»«

23 (1) 3:5 540 1.73 — 200 - 1,000
14 O) 30:30 94 1.34 — 3 0 - 3 0 0
19 (1) 15:15 70 1.75 — 2 0 - 2 0 0
14 (1) 30x30 UO 1.53 — 7 0 - 3 0 0
15 (1) 30x30 140 1.30 — 7 0 - 2 0 0

23 (1) 1x3 44 1.9ft — 0 0 - 7 0
14 (1) 29x29 220 1.54 — 7 0 - 3 0 0
19 O) 4x4 140 1.22 — 100-150

14 (1) 27x21 0 1.72 — OO - 300
19 (1) 23:30 S3 2.29 — OO - 300
23 O) U:ll 110 109 — 70 - ISO

•l«r«B«l« 23 (1) 7:t 42 1.10 — OO - 100
Cm; C««g»li 14 (1) 2ftx29 5ft 1.71 — OO - ISO

19 (1} 22:30 37 2.25 — OO - 150

17 O) 1x1 42 1.29 1.32 SO - 100
17 (1) 10x10 ft! 1.29 1.32 SO - 100

ttmirto 17 (1) 10:10 S9 1.19 1.32 50 - 70 '
fm*t . 17 (1) 10:10 ft! 1.39 1.32 SO - 100 W

23 (1) 19x27 37 1.74 — OO - 100
23 (1) 7x7 120 1.91 — 7 0 - 2 0 0
23 O) *** ** I-" — 9 0 - 7 0
23 (1) ft: 10 37 2.27 — OO - 100

17 (1) 10x10 170 1.34 1.32 100 - 200
aiMlmi mtrt* 17 (1) 10x10 220 1.2ft 1.32 ISO - 300

17 CD •*• 210 1.44 1.32 100 - 300
17 (1) 9x9 240 1.3ft 1.32 190 - 300

14 (1) 27:30 Sft 1.73 — OO - ISO
19 (1) 24:30 31 l.M — OO - 70

30x30 340 1.79 — SO - 1.000
30:30 340 1.41 — 1 5 0 - 7 0 0
30:30 290 1.43 — 7 0 - 5 0 0
30:30 230 1.27 — 150-300



CEOCHEM1STKV UK SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TAUJL II.—Boron in rocks, uniomoluUted geologic deposits, toils, tnd pUnt «/i—Cnntinurd

FS9

Study
Ho. end

Sample . end collection locality Mthod of latio
analysis (DM)

Devia-
tion

Error
Observed

range
(DM)

PLANT ASH— Continued

Native species— Continued
BlackguB, ste»s; Georgia———— 14 (1)

15 (1)
Blackgun, leeves; Georgia———— 14 (1)

15 (1)
Buckbush; Missouri

Glaciated Prairie—————— 20 (1)
Unglaciatod Prairie————— 20 (1)

Oek-hickory-piae Forest—— 20 (1)
Cedar; Missouri

Glaciated Prairie—— — — 24 (1)
UngUciatod prairie——— 24 (1)
Cedar Glede — — 24 (1)

Oak-hickory-plae Forest—— 24 (1)

Hickory, pignut; Kentucky——— 18 (1)
19 (2)

Hickory, shagbark; Kentucky— — 18 (1)
19 (2)

Hickory, shagbark; Missouri

Oak-hickory-piae Forest— 20 (1)

Maple, red, it ens; Georgia—— 14 (1)
15 (1)

Maple, red. leaves; CeergU— — — 14 (1)
15 (1)

19 (2)
Oak, post; Csdar Glade, Missouri— 20 (1)

19 (2)

Oak, white; Kentucky——— 18 (1)
19 (2)

Oak, white; Missouri

Oak-hickory-plae Forest—— 20 (1)
Oak, willow; Floodplaia Forest.

PerslBBoa, stenv; Georgia—— 14 (1)
15 (1)

Pert Inarm, leaves; Georgia—— 14 (1)
15 (I)

Pine, shortlesf; Oak-hickory-pine
Forest, Missouri———— 20 (1)

30:30
30:30
30:30
30:30

47:47
48:48
50:50
49:49
41:41

50:50
9:9

10:10
10:10
10:10
6:6

64:64
88:88
40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
28:28
8:8

49:49
75:75

50:50
49:49

46:46
30: 30
30:30
30:30
30:30

49:49

430
360
600
410

180
170
180
170
180

160
210
220
210
210
220

370
160
410
170

190
190

370
350
420
360

410
140
180
500
180

420
140

190
190

220
320
220
450
360

230

1.57
1.40
1.75
1.50

1.37
1.29
1.35
1.35
1.29

1.33
1.53
1.26
1.14
1.30
1.31

1.72
1.26
1.47
1.27

1.48
1.11

1.36
1.34
1.73
1.67

1.33
1.29
1.41
1.34
1.34

1.41
1.37

1.47
1.26

1.34
1.53
1.71
1.66
1.80

1.34

•»*»

1.31
1.31
1.31
1.31
1.31

1.31

• 01

•*«•

•e>

1.81
1.24
1.81
1.24

1.31
1.31

1.26
1.24
1.31
1.26
1.24

1.26
1.24

1.31
1.31

1.31

1.31

100
150

70
200

100
100

70
100
100

100
100
150
200
150
150

15
97

200
100

100
150

300
200

SO
100

200
75
70

300
140

200
90

100
100

100
150
50
70
70

100

- 700
- 700
- 1,500
- 700

- 300
- 300
- 300
- 300
- 300

- 300
- 500
- 300
- 300
- 300
- 300

- 700
• 290
- 700
- 270

- 500
- 200

- 700
- 500
- 700
- 1,000

- 500
- 190
- 300
• 1,000
• 330

• 700
• 500

- 500
• 300

- *500
- 700
- 700
- 1,000
- 700

- 500

BORON



F40 STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

i n» rarfct. mmrommlHilt* gfclope dtpoatt. totU. f

Observed

14 (1)
is a>
U (1)
IS (1)

30:90
30:30
30:30
30:30

4fs4t
90:30
49:49
49:49
30:30
49:49

21:21
27:27
21x21
27:27
47:47

300
230
320
230

230
230
230
220
200
210

2M
190

2«
1M

1.41
1.47
1.S4
1.14

1.31
1.44
1.33
1.37
1.2*
1.3*

l.tt
1.99
LSI
1.4t
1.47

1.31
1.31
1.31
1.31
1.31
1.31

1.31

ISO
SO
ISO
100

ISO
ISO
ISO
100
100
100

ISO
100
200
ISO
SO

500
500
TOO
700

500
500
500
300
300
500

500
300
700
500
300

totality

7 (3) 2:11

7 (3) 1:40

- S

- 1



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED 51'ATES

TABU 12.—Cadmium in rock*, uncotuoliduted grologie dtpotiU. toils, *nd pUnt tth—Continued

F41

Study
He. and

Staple, and collection locality: Method of Ratio
analysis

Devi*- Error
COOM)

Observed
raa««
toned

LiMstone and doloaite—Continued
Pemsylvanlan; Missouri, Kansas, and

Oklahoma——————— 6 (3) 2:32 • 12

ORCI

Carbonate residuum (terra roasa)
On Gasconade Formation; Missouri—
OB Roubidoux Formation; Missouri—
OB Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas—
On Osagean rocks; Missouri———
On Meramecian rocks; Missouri——

Cultivated
Plow zone, corn field; Oak-hickory

Forest, Missouri——————
Plow zone, soybean field; Missouri

UntUcUted Prairie— — —
Plow zone, pasture field; Missouri

Floodplain Forest————
Glaciated prairie— — — —
Oak-hickory Forest———

Surface horizon; Missouri——

Cultivated and uncultivated
Surface horizon; Colorado———

B horizon; fasten United States—
B horizon; Western United States—-

Cultivated plants
Corn; Missouri

Floodplaia Forest————
Glaciated Prairie——————
Ontlaciated Prairie————
Oak-hickory forest———

Soybean; Missouri
Floodplain Forest——————
Glaciated Prairie——————
Bnglaciated Prairie— ———
Oak-hickory Forest——————

DHSfflfUM

12 (3)
12 (3)

12 (3)
12 (3)
12 (3)

17 (3)

17 (3)
17 (3)

17 (3)
17 (3)
17 (3)

16 (3)

22 (3)

21 (3)
21 (3)

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

ITemO dflVf06H(r DsBs^flff m^Tmi

2:24 <1
2:24 <1

1:24 <1
4:24 <l
6:24 .42

sons

1:10 <

XsXO ^l
1:8 <1

1:10 <L
1:10 <1
1:10 <1

12:1,140 <

10:168 <1

2:420 <1
9:492 <1

rum AH

6:8 0.37
9:10 .62
9:10 .40
9:10 .64

10:10 2.3
10:10 .60
8:8 .80
9:9 .68

—
••

—
—3.40

—
..

—
—
—
-

—..

—

1.72
2.34
1.49
3.56

2.33
2.04
1.53
1.93

—«•

—
—•-

—
..

••

—
—-

e»e»

—~

1.42
1.42
1.42
1.42

1.42
1.42
1.42
1.42

<1 - 4
< - 1.5

<. - 1
<1 - 3
<l - 6

<1 - 1.5

<. - z'.s
<a - i.o
<1 - 4.5
<l - 2.5

<1 - 11

<l - 4

<1 - 1
<L - 10

O.2 - 4.4
<.2 - 8.2
<.2 - 4.0
<.2 - 5.2

.7 - 7.0

.3 - 1.6

.4 - 1.2

.2 - 1.7

CADMIUM



Ftt FIELD GEOCHEMISTRY
fMilugM1 itfmilt. tetU. «rf pltmt <

SM»1«. •* collMttoa locality of tfltio DOT!*i- Error

ClacUco*

elate-

••CMC-

20 (3)
20 (3)
20 (3)
20 (3)
20 (3)

47i47
4«:4|
30:90
49:49
41:41

MhSO
9:9

10:10
10:10
10:10
4:4

19:19
7:7

90*30

90:50
49:49

44:44

49:49

12
14

12
10

i.n
2.01
1.43
l.W
1.M

1.21

4«:4f
90:90
49:49
49:49
90:90
49:49

9.0
.95

2.4
1.4

II
20
2.3

4.1
3.9

•.3

14

5.2

4.4
3.1
4.2
1.7
2.1
2.2

1.92
1.70
l.M
2.44
1.34

1.M
1.M 1.21

1.39
1.44

l.M

1.41

1.92

2.09

.13

.41

.0

.40

101
101

101

101
101
101
101
101

2.8
30
3.6
3.4
2.8

.050
1.5
1.4
.5
.6
1.0

3O
9.4
1O

2.0
1.6

2.7

4

1.3

1.2
1.2
10
.8
1.0
.8

50
60
15
36
40

3.4
9.8
8.4
2.6
12
2.0

40
33
10

7.6
10

60

38

30

28
60
12
5.6
11
7.8

(3) 47:47 ft.O 2.00 101 1.4 - 21



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TABU. IS.—Ctlcium in roekt, tatcontalidfttd.gtologie dtpoau, toils. **d pUnt uh

F45

[taplanetion of colusn headlacs: Study Ho. refers to study described la text; Mthod of analysis (in
parentheses) refers to Mthod listed la table 1. ftatio, nuaber of saaples la which the eleawat was
fouad la aeasurable concentrations to nuaber of Maples analyzed. HMD, (COMtrie aeaa. Deviation,
geoMtric deviation. Error, geoMtric error attributed to laboratory procedures. Leaders (—) la
figure coluan Indicate no data available]

Study
•o. aad

Saaple, aad collection locality Mthod of
analysis

Ratio
foerceat)

Devia-
tion

Observed
Irror range

(oerceat)

ROCKS

Granite
Preeaabrian; Missouri————— 1 (5)

Ihyollte
Preeaabrian; Missouri———— 1 (5)

Sandstone
Sauk sequeace; Western United States- 3 (16)
Pope Megagroup;1 Kentucky—— 5 (16)
Peaaaylvaaiaa; Keatucky— — — 5 (16).

Chert
Mlssissippiaa; Missouri, Oklahoaa,

Shale
Sauk sequeace; Western United States- 3 (16)
Lower Mississippiaa; Kentucky— — 8 (16)
Upper Mlssissippiaa; Keatucky—— 5 (16)
Peaasylvaaiaa; Keatucky——— 5 (16)
Pennsylvaalaa; Missouri, Kansas, aad

Oklahoaa— — — — — — - 6 (5)

Siderite
Upper Paleozoic; Kentucky— — — — 11 (16)

UMCOVSOLIDATD

Carbonate residuum (terra rosaa)
OB Gasconade Ponetioa; Missouri— 12 (1)
On Reubidoux Foraatioa; Missouri— 12 (1)
Oa Jefferson City, Cotter, aad Powell

PorMtioas; Missouri aad Arkaaaas— 12 (1)
OB Osageaa rocks; Missouri—— 12 (1)
OB Meraaeciaa rocks; Missouri——— 12 (1)

Loess
Missouri— ———.—— 13 (5)

30:30

23:30

392:400
112:120
146:152

15:20

332:336
74:76

133:142
139:152

32:32

30:30

CMLOOIC

23:24
24:24

24:24
24:24
24:24

24:24

0.41

.22

.22

.13

.094

.42

.97

.80

.49

.13

1.1

4.1

DEPOSITS

0.059
.041

.086

.031

.11

.88

2.25

3.33

5.7fr
7.59
4.45

8.55

4.34
6.83
6.98
3.71

4.15

2.23

4.11
3.36

2.15
4.76
2.75

2.22

1.02

1.02

1.90
2.69
2.09

1.32

1.89
••

—
3.20

1.05

—

1.07
1.07

1.07
1.07
1.07

••

0.07 -'

<.07 -

<.0i4 -
<.0072 -
<.0072 -

<.07 •

-C.014 -
<.0072 -
•C.0072 -
<.0072 -

.14 -

1.4 -

<0.002 -
.005 -

.015 -

.002 -

.015 -

.29 -

1.2

1.3

14
15
12

9.3

29
14
16
4.0

13

30

5
3

1.5
1.5
1.5

4.2

Of Swaaa aad Wlllaaa (1961).

CALCIUM



F44 CTATOnCAL STUDIES IN FIELD GEOCHEMISTRY

ologt€ Irpontt, »o*U. •»

flm, •* collcctlM locality

Itmiy

fair IMÎ

14 (13)
15 (U)

17 (3)
17 (5)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

17 (3>
17 (3)
17 (3)
17 (3)

30:30
30:30

10:10
10:10
lOilO

10:10
10:10
8:1
9:9

10:10
10:10
10x10
10:10

0.08
.17

.37

.39

.41

.3*

.31

.31

.48

.M

.47

2.1*
2.1f

1.38
1.30
2.43
2.30

1.49
1.33
1.7*
2.1t

1.4*
1.38
2.34
1.35

mm

—1.03
1.03
1.03
1.03

1.03
1.03
1.03
1.03

1.03
1.03
1.03
1.03

0.02
.03

.33

.40

.14

.1*

.22

.42

.17

.31

.21

.48

.14

.21

1* (3) 1,114:1.140 .33 2.03 1.12 <.07

25 (3)

14 (13)
15 (13)
18 (li)
19 (U)

1* (13)
U (13)
18

20
20

(9
(3)
(3)
(3)
(3)
(3)

(13)

a (9>

48:48

23:30
29:30
91:9*

103:108

U:30
30:30
91:9*

30s30
30:30
49:30
49:30
44:30
28:30

23s30
30:30

1*7:1*8

3*3:370
491:491

.«2

.12

.31

.14

.2*

.10

.33

.12

3.10

1.80
1.44
303
2.60

1.91
1.37
3.02

.031.20

1.9*
1.83 <.033

1.9*

.42

.38
M

1.7
.19
.0*3

.12

.33

.9

.32
1.8

1.7*
1.3ft
1.7*

2.80
2.44

1.81
1.20

2.37

2.07
2.93

.07
1.3* Ol
1.3ft <.07
1.3* <.07
1.3* <.07
1.3* <.07

0.3
1

.S3

.89
3.1
2.0

.81

.97
1.0
3.9

.89
1.2
4.1

.M

3.6

— Jt

.4

.63
3.4
1.1

.23

.6
1.2

1.3
.8*
.37

30
8.6
.37

.33

.3

1.04 <.01 . 23

1*
40— .01 -
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TAUC IS.—Calcium in rockt, uncoruoluifttd gtologic deposits, toils, mnd pUnt tsh—Continued

F45

Saajple, and collection locality,

Study
Mo. and
Mthod of
analysis

Ratio
(percent)

Devia-
tion

Error
Observed

range
(percent)

PLAIT ASH

Cultivated plants

Beet, red; Wisconsin—— ~— —
Blackeyed pea; Georgia——————

CAbbACCI Vi9COOSi&* e»e>e»e»sae»aBe»«e»e»eBSB'a»«s»eBe»

Con; Georgia— — — .—*————.—
Corn; M10so«ri

UngUciatod Pniria— — — — ••— ~
Oak»hickory Forest— —••••-•«•• — •

Onion; Wi«cott«ia»—— ——•—»-••-•
Popper, tWMC; Wisconsin— ••••••».•-•*

Soybean; Missouri
Wl ntwtshl • 4 M WMVBBI At* *m AOOOpX*" IB arOs^»0fc e»e»s» ei eie* *

Glaciated Prairie—- — — — -

Oak-hickory Forest— —— —

Tone to; Georgie— — • —- — —

Native species
Bleck cherry, stems; Georgia——-

Black cherry, leaves; Georgia— —

Blackgusi, stasis; Georgia————

Blackguai, leaves; Georgia———

Buckbush; Missouri
Glaciated Prairie— — — — —
Dnglaciated prairie— — —

Oak-hickory-pine forest— — — -

14
15
14
15

23
14
15.

14
15
23
14
15

17
17
17
17

23
23
23
23

17
17
17
17

14
15

14
15
14
15

14
15
14
15

20
20
20
20
20

(13)
(13)
(13)
(13)

(1)
(13)
(13)

(13)
(13)
(1)
(13)
(13)

(3)
(3)
(3)
(3)

(1)
(1)
(1)
(1)

(3)
(3)
(3)
(3)

(13)
(13)

(13)
(13)
(13)
(13)

(13)
(13)
(13)
(13)

(3)
(3)
(3)
(3)
(3)

30:30
15:15
30:30
30:30

3:3
29:29
4:4

28:28
30:30
3:11

29:29
30:30

8:8
10:10
10:10
10:10

27:27
5:7
4:4

10:10

10:10
10:10
8:8
9:9

30:30
30:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
50:50
49:49
41:41

3
3
5
6

1
6

.7

.3

.5

.8

.6
4.7

16
20

>iO
1
1

6
2

26
25
23
21

25
26
17
16

15
15
18
IS
15

.8

.7

.30

.31

.29

.32

.70

.6

.7

.81

.0

.0

.2

.6

.7

.5

1.32
1.63
1.39
1.31

1.74
1.31
1.29

1.38
1.19

—1.44
1.51

1.33
1.27
1.29
1.22

1.99
2.11
2.19
1.63

1.14
1.16
1.12
1.11

1.44
1.27

1.17
1.23
1.16
1.20

1.14
1.14
1.21
1.26

1.11
1.12
1.15
1.22
1.27

2.1
1.9

~

—..

—••

..
•-

— •~

—1.09
1.09
1.09
1.09

..
~

—•-

1.09
1.09
1.09
1.09
._

—

—••••

—..
mm

mm

mm

1.10
1.10
1.10
1.10
1.10

2
3

1
3
3

5
13
5

3
1

4
3
5
4

17
17
16
14

•20
19
11

7

12
12
13
9

.4

.8

.0

.6

.7

.5

.8

.8

.2

.18

.20

.24

.3

.5

.2

.4

.0

.6

.8

.8

.8

.2
6.8

- 8.3
- 8.6
- 12
- 10

- 3.0
- 12
• 6.7

- 23
• 26
• >10
• 3.
- 3.

- .
• • .
** a

•

- 5
• >10
- 5
• 3

- 6.
• 5.
- 7.
- 6.

- 4.
- 2.

• 33
- 34
- 34
• 28

- 32
- 33
- 24
- 25

- 19
- 20
- 26
- 24
• 23

6
4

44
42
42
42

4
8
4
4

6
1

CALCXDK
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I gntlogit 4tpontt. jo«I». *»d plf

Scaty

Uulity

Oik.

U (19)
U (13)
I* (13)
U (13)

U (3)
If (3)
20 (3)
IB (3)
If (3)

IB (3)
If (3)

» (3)

15(13)
14(13)
15 (13)

14 (13)
15 (13)
14 (13)
15 (13)

30x90
9:9
10s 10
10:10
10:10
6:6

60:60
M:M
40:40
20:20

7:7

30:30
30:30
30:30
30(30

23:25
22:22
30:30
27:27
9:9

4ti4t
7»:7»

30x50
4f:4f

46:46

30:30
30:30
30:30
30:30

49:49
17:17
27:27
17:17
27:27

30:30
30:30
30:30
30:30

31
23
23
n
2*
21

30
31
21
31

3*
33

24
23
17
U

n
30
32
30
29

2t

33
34

21

23
20
IS
U

13
n
if
19
13

23
24
If
II

1.09
1.M
1.10
1.04
1.13
1.11

1.U
1.0*
1.12
1.11

1.07
1.04

l.lf
1.20
1.21
1.24

1.09
1.04
.11
.Of
.10

.12
Ot

•̂ w

1.12

1.24

1.10 24
23
21
29
23
23

1.04
1.05
1.04 n
1.03 U

If
24

1.10
1.10

30
34

1.30

1.31
1.33
1.37

1.21

— 14

— 13
— U~ f

1.04 n
1.05 27
1.10 23
.04 24
.05 23

.04 If

.05 23

.10 24

.10 30

1.10 U

— 13
— 12— 2.3
— f.7

1.10 4.4
— t.3
— 9.1

— 11— 7.9

— 12
— f.*
— 12
— 13

• 36
• 29
• 30
• 33
• 33
• 30

• 34
• 37
• 34
• 37

• 40
• 37

• 31
• 32
• 24
• 24

• 37
• 34
• 3$
• 34
• 33

• 33
• 36

• 31
• 37

• 35

• 33
• 21
• 25
• 25

• 23
• 2«
• 24
• 26
• 23

• 34
• 33
• 2*
• 26
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TABLE IS.—Ctlcium m rocks, mteonutlidtted geologic deposits, toils, end pUnl tuh—Continued

F47

Sample, aad collection locality

Native species— Continued
Suaae, aaooth; Missouri

Cedar Glade— ——————Oak-hickory Foreat-»-— •— — •-
Oak-hlckory-piaa Forest———

Sveetgua, ataaa; Georgia——————

Svaatgua, leaves; Georgia————

Svaatgua; Floodplala Forest, Missouri

Stt
•o
aal

•i

in

9A•V
20
20
20.

14
15
14
15
20

*y

Aod of
ilvsis

A1TT Affl

\— t

(3)
(3)
(3)

(13)
(13)
(13)
(13)
(3)

Ratio

B — Cont \if"

^Oj^ei
4A. ̂ AJWUW
Aft* Aft^wt ^f
49:49
50:50
49:49

28:28
27:27
28:28
27:27
47:47

' !(•£• 1
(aareent)

i4

24 ]
2ft
94
29
24
27

26
23
19
16
27

>evia-
tion

L 7ft
14
1*

.12

.20

.11

.17

.31

.16

.23

.14

I

1
1
1

1

rjiui

1
10
10
10

.10

.10

.10

..
• •

—••
.10

0

17
21
12
19

16
12
11
9.3

20

beerved

percent)

Vi

«.
JA
>«

37
31
32

• 32
• 35
• 23
- 23
• 36

TABLE M.—Carton (ctrbonmtt) in rocks, lauonsolUtltd gtolofic deposits, mud toils

[Explanation of coluan baadias*: Study »o. rafara to atady daaeribad IB taxt; Mthod of analyala (la
parantbaaaa) rafara to aathod llatad la tabla 1. tatia, mmttn of aaaalaa la «hi«« tha alaaaat «aa
found in Bwaaurabla eoneantratlona to aaabar of aaaplaa aaalysad. Maaa, gaoaatrle aaaa axeapt that
Taluaa praeadad by aatarlak are arithmetic aaaa. Deviation, (aoaatric deviation axeapt that valvaa
preceded by asterisk are standard deviation. Error, (eonatric error attributed to laboratory are-
cadures except that values praeadad by asterisk are standard error. Leaders (—) ia ficnre aelusB
indicate no data available]

ttwdy
•o. «nd

Sa^le, and collection locality Method of
amalvals

Ratio
tt)

Devla-
tlan

Observed

faaveant)

Sandstone
rope NatMroup;1 Kentucky—-——— 5 (16)
Pennsylvania; Kentucky————— 5 (16)
Penasylvaaiaa; Missouri, Kanaas, and

Oklabona—————— 6 (10)

Shale
Pannsylvanlami Kaatucky——— 5 (16)
Pannsylvaalan; Mlaaoori, Kanaas, aad
Oklahoaa—~——~———— 6 (10)

Hack shale
Devonian and Miasissippian; Kentucky- 9 (10)

221120 0.014 —
12:152 <.014 —

24:32 .01

O.014 -
<.014 -

4.9
3.6

- 9.4

41:152 <.014 — — <.014 • .44

31:32 .16 5.07 1.41 <.01 - 4.3

28:28 .060 4.16 .005 • 5.1

1Of Sveun and Vlllaaa (1961). CALCIUM, CARMI (CARMsUTK)
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SAfacitt
11 (16) 30(30 *7.1 n.M — 2.1 - 11

13 (10) 22(24 O.OM 3.10 — -41.01 - 2.3

•U

17(10)
17 (10)
17 (U)
17 (10)

17 (10)
17 (10)
17(10)
17 (10)

1? (10)
17(10)
17 00)

4*10
4ilO
4:10

2tlO
2tlO
3ti
4st

4s 10
3:10
3:10

.0073 4^0 -

— <.01 -

•CO! —

U (10) 94*11.140 .020 2.03 2.31

(10)
(10)
GO)
(10)
(10)

43(30
44:30
42(30
44(30
43(30

.046

.033

.046

.034

.033

3.06
2.93
3.34
4.1*
3.11

2.73
2.73
2.73
2.73
2.73

22 (10) 90(1M .01 •.90 1.71

.14

.06

.73

.50

.0*

.03

.13

.93

• .03
• .06

• 2.9

.31

.29

.23
4.7
.34

- 6.4
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TAIU 15.—Ctrbon (argtnic) in rocks, touontolubud geologic deposits, md toils

F49

tf

[Explanation of coluaa haadlagas Study to. rafara to study daacrlbad la tart; aathod of aaalyaia (la
paraathaaaa) rafara to aathod liatad la tabla 1. tat to, auabar of Mafia* la which tba alaaant «as
found la aaaaurabla eoaeantratloaa to auabar of aaaplaa aaalyaad. Moan, fooaatric aaaa. Deviation,
geoaacric aaviaciaa. error, (•oveEric error •ttriDutva to uvoxswrj pxocvown*. UMMOTB \mmt *»
figure coluaa indicate no data available]

Study
No. aad

Saapla, aad collection locality aathod of
aaalvala

Ratio KM. Davla-
tioa

Error
Obaarved

raaae

iocn
SaadstoM

toubidooac rorMtiM; Missouri— — — 4 (11)
PwmtylvtoUa; Missouri, KS&SAS. and

*
Chart

Miaaiaaippiaa; Miaaouri, Oklahoaa,
•nri Ai-b«i»B___>.__>»»_-_______.._.i ? /Ill

Shale
Miaaiaaippiaa; Miaaouri, Oklahoaa,

aad Arkaaaaa———— 7 (11)
Penaaylvaaiaa; Miaaouri, Kaaeaa, aad

Black ahala
Devonian aad Miaaiaaippiaa; Kantucky 9 (11)

Liaaatoaa aad doloaita
Sauk sequence; Miaaouri aad Arkaaaaa- 4 (11)
Tippacaaoa aaquaaca; Miaaouri—— 10 (11)
Miaaiaaippiaa; Miaaouri, Oklahoaa,

Mul fcmWa*e»aa>» — .— — — — — •• ^ fl 1\

Panaaylvaaiaa; Miaaouri, Xaaaaa, and

11:12

32:32

20:20

16:18

27:32

88:88

24:48
12:12

34:40

19:32

0.30

.35

.44

.27

.32

10

.11

.28

.22

.10

3.13

2.07

2.26

3.89

2.37

1.58

2.58
2.55

2.31

2.77

1.93

1.93

1.93

1.71

1.71

1.15

2.38
2.38

2.38

2.38

0.1 - 4.5

.1 - 1.4

.2 - 1.4

<.! - 7.2

<.! - 1

1.7 - 21

<.! - .60
.1 - 1.6

<.l - 1

<.! - .11

mrcfVfQT.lDATB' 9WLKTC KPMITf

Loeaa
24:24 0.13 1.62

—

0.1 - 0.3

•ATLC

Cultivated
Plow cone, can fiald; Miaaouri

Floodplaia Foraat~— 17 (11)
Glaciated Prairie———— 17 (11)
Unglaciatad Prairie—————— 17 (11)
Oak-hickory Foraat— — — — 17 (U)

Plow zone, aoybaaa fiald; Miaaoorl
Floodplala Foraat—————— 17 (11)

Oak-hickory Foraat— — — — 17 (11)

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

0.91
1.7
1.4
1.4

.93
1.6
1.6
1.1

.32

.26

.33

.56

.57

.32
1.48
1.60

1.32
1.32
1.32
1.32

1.32
1.32
1.32
1.32

0.6 - 1.3
1.1 • 2.2
1.0 - 2.0
.8 • 2.8

.4 - 1.7

.9 • 2.2
1.0 - 3.1
.4 - 1.8

CroCB (OBfiaXXC)
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fteU;

OU4

talrfc

17 (11)
17 (ID
17 (U)
17 (U)

UK 10
UhlO
10s 10
lOtlO

20 (11)
20 (U)
20 (U)
20 (U)
20 (11)
20 (11)

90:90
90s90
MtJO
50t90
50:90
90i90

1.1
2.2
1.7
1.5

1* (11) l.UOsl.140 1.3

22 (11) IMtlM

.•3

.M

.a

.M

.70

1.1

l.M

l.M

1.93

2.09
l.M

l.M
1.M

2.43

1.32
1.32
1.32
1.32

1.11

1.34
1.34
1.34
1.34
1.34
1.34

l.tt

0.9 •

ill •
.7 -

3.1
3.0
2.7
3.2

.M - 3.2

.1

.2

.3

.7

.4

.2

4.0
2.4
1.9
5.9
3.S
2.9

.4 • 1.5

ttywltt*

1 (1) 20:30 130 -

1 (1) 23:30 190 —

• (1) 10:32 <150 —

490 - ISO

• 150

<150 • 300

COKMB),
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TASLC 16.—Cerium in rockt, vnconsolidtttd geologic depotilt, toilt, end pltnl u/1—Continued

F5J

Saaala, and collection locality

Study
Bo. aad
•atbod of tatio
analvsis COM)

Devia-
tion

Observed
fF— — . _ "
•UCoT T»»H»

KOCKS— Contlaoed

Shale
Mississippian; Missouri. OUaaona,

and Arkansas— — — — — -— — —Penasylvaniaa; Kentucky— — — — — —
Peunsylvanian; Missouri, Kansas, and

Oklahom

Llsttstona aad dolomite
Pennsylvanian; Kentucky— — — — —

7
5

6

5

(1)
(1)

(1)

(1)

2:18
6:35

9:32

1:80

400
450

400

-300

a»s»

—
••

"•

400
— 450

400

— <500

• 100
- 150

• ISO

• 500

mi««fn,iPATtt fwnr Krfns
Carbonate residuosi (terra rossa)

On Gasconade fbnatioa; Missouri—
OB Jefferson City. Cottar, and Powell

Poraatlons; Missouri aad Arkansas—
On Osagean rocks; Missouri———
OB Meraawcian rocks; Missouri——

Loess

Missouri———————

12

12
12
12

13

<1>

(1)
(1)
(1)

(1)

1:24

1:24
5:24
1:24

2:24

450

450
450
450

400

~

~

—•«

••

450

450
-. <iso
— 450

400

- 200

• 200
- 300
- 200

- 100

SOIL!

Cultivated
Plow zone, cardan; Georgia————

Uncultivated
A horizon; Georg la— — — — —

B horizon; Georgia— -— — —.—-«..

B horizon; Missouri
Glaciated prairie———
Unglaciated Prairie—- — — — —

Cedar Glade——————Oak-hickory Porest— —— -- —
Oak-hickory-flne Porest— — —— « .

C horizon; Georgia— — — — — —

Cultivated aad uncultivated
Surface horizon; Colorado———

B horizon; Eastern United States—
B horizon; Western United States—

14

16

14
15

14
15

20
20
20
20
20

14
15

22

21
21

(1)

(1)

(1)
(1)

(1)
(1)

(1)
(1)
(!)
(1)
(1)

(1)
<W

(1)

(I)
(1)

5:30

435:1,140

6:30
5:30

4:30
6:30

11:50
16:50
5:50
6:50
2:50

6:30
3:30

15:168

65:322
76:485

450

120

450
79

50
58

97
110

450
78

450

76
58

400

78
74

—
1.27

—1.58

2.19
2.43

1.36
1.34
•-

1.45

—1.76
1.81

—1.70
1.64

— 450

430

450
450

450
450

- 450
— ' 450

450
— 450

450

— 450
450

400

450
450

- 500

- 300

- 500
- 200

• 300
- 500

. 150
- 200
- 200
• 150
. ISO

- 200
- 200

- 700

- 300
- 300

cotnm
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SM»!«, Mi c*ll*ctioa locality

Id

14 a) 1:30 <1SO — — <UO - 300

4:* 330 l.*9 — <UO - 700

• O>

12:30 <

14:30 .13

09:00 IS

2.0
39
U

7.4

73
42

3.1

10:12
UOs 120
132il32

32:32

33*: 33*
7*1 7*
142 1 142

It: It 130
152:152 tt

2.09
2.47
2.00
2.0*

2.25

.7*

.43

.30

.2t

.35

1.17

1.33
1.33
1.75
1.3*

1.33

1.11

l.lt
1.10

<l

<l

1

3
3

15

t7

130
7

210
210

5 - 100

15
2*
34

SO
35

2*0
130
1*0

700
230
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TAILE 25,—LanlliMtium in rocks, unconsolidaud geologic deposits, soils, »nd pUnl «fA—Continued

F79

Study
Bo. end

Sample, and collection locality Method of
analysis

ROCKS -

Rhyolite

Arkose

Sandstone
Sauk sequence; Western United States* 3 (2)

Pennsylvanlan; Missouri. Kansas, and

Chert
Mississippian; Missouri, Oklahoma,

Shale
Sauk sequence; Western United States- 3 (2)

Mississippian; Missouri, Oklahoma ,

Pennsylvanlan; Missouri* Kansas* and

Black shale
Devonian and Mississippian; Kentucky- 9 (2)

Limestone and dolomite
Sauk sequence; Western United States- 3 (2)

Mississippian; Missouri, Oklahoma,

Pennsylvanlan; Kentucky—————— 5 (1)
Pennsylvanlan; Missouri. Kansas* and

Siderite

UMCnSOLlBATm

Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri-—-- 12 (1)
On Roubidoux Formation; Missouri—— 12 (1)
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas— 12 (1)

Ratio Mean Devia- Error
(oornl tion

-Continued

90. V) *0 1*5*1 1 111

47* M 41 1 O9 1 A4>

127:400 6 3.16 1.24
1 • 1 9A er*Vn __ __
eVSeVaW "VJW •»• »•

9at • ̂ 4 Uh 1 Ml 1 1 A

1*20 ^30 •• •»•

153:336 67 1.33 1.14

9t!lA9 * 9O

W e 1 A 1A •• .-

3:88 <70

12:392 <60

1 1 »An *̂*n .• ••
6:80 <70

3 S JiZ 2 •> 1 *2U *•

GEOT- '̂' ̂ ^ PBPOS ITS

2:24 <30

2:24 <30

Observed
range
(wm)

<^n . nn

^i n • IAA

<10 - 140

«fCA • a^n

a^m « inn

^30 •* 30

<ao - 150
etrm _ on

^T * ™J

M . 7n

<70 - 98

<60 - 66

<70 - 150

^JW — IV

^0 • 100
OO - 50

<30 - 70

Of Swann and Willman (1961). URTHAWM
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2.45 — 00 • 1.000
OO - 500

13 a) 24:24 1.33 30 • 70

Ponsc- — 20

25 (1)

14 a)
15 (1)
IS (2)
1' (2}

U (1)
U(2)

20 O)
20 (I)
20 a)
20 (1)
20 a)

11:30
111 30

ftlO
7:10
7:10

3:10
StlO

2:10
t:10
SUO
5:10

IS
33

4fl
45
45

33
40
44

2S
43
47
40

1.13*:1.140 41

2.M
2.14

1.0*
1.1S
1.1S

1.39
1.2S
1.20

1.4S
1.23
1.1A
1.42

1.3*

C*OC«1J 14 (1)
15 (1)

3S:4S

U:30
20:30
S5:M
3S:10S

14:30
22:30
S4:9i

45:50
50:50
50:50
45:50
44:50
40:50

17:30
20:30

24
34
39
43

2*
34
39

32
39
45
33
35
30

30
32

2.40
1.73
1.2*
1.51

2.40
1.73
1.2*

1.23
1.35
1.37
1.3*
1.37
1.31

2.03
1.44

.IS

.IS

.IS

.IS

.IS

.IS

.IS

.IS

.IS

.IS

1.2§

•00
00

00
00
OO

oo
00
00

00
00
00
OO

150
200

50
50
50

50
50
50

50
50
50
70

OO • 150

1.05

1.22
1.22
1.22
1.22
1.22
1.22

00 •

00 -
OO -
OO -
00 -

00 -
OO •
00 -

00 -
30 •
30 -

00 -
00 -
OO •

oo -
00 -

70

200
100
SI
75

100
200

50
50
70
70
70
70

100
100
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TASLC 25.—Ltnth»num in neks, vncoiuolid*ud geologic deposits, soils, end pltnt MA—Continued

F81

Sample, and collection locality

Study
No. and
method of Ratio
analysis

< t 4

Mean
(DOB)

Devla- Error
tion

Observed
range
(DM)

SOILS-Contlaued

Uncul t ivated — Cont laued

Cultivated and uncultivated

B boricon; eastern United States—
B horizon; Western United States—

18

22

21
21

(1)

(1)
(I)

81:96

86:168

226:370
345:492

41

40

33
35

1

1

1
1

.35

.59 1.41

.90

.81

00 -

<30 -

00 -
00 -

80

200

200
200

PLANT ASB

Dative species

Buckbush; Missouri

Hickory, shagbark; Kentucky——-

Hickory, shagbark; Missouri

Persimmon, stems; Georgia———

Sumac, winged, stems; Georgia-—-—
Sumac, winged, leaves; Georgia—

Sveetgum, stems; Georgia-————

15
14
IS

20
20

18
19
18
19

20
20
18
19

18
19

14
15
14
15

15
14
15

14
15
i«

(1)
(1)

(1)
(1)

(1)
(2)
(2)
(2)

(1)
(1)
(1)
(2)

(1)
(2)

(1)
(1)
(1)
(1)

(1)
(1)
(1)

(1)
(1)
tt\

10:30
4:30

11:30

5:49
8:41

59:64
85:88
37:40
17:20

16:19
7:7
1:25
1:22

1:28
2:73

4:30
5:30
5:30

12:30

9:30
5:30

13:30

4:28
11:27
11.97

14
00

17

34
43

200
270
180
190

110
270
00

<100

00
<130

00
OO
00
22

OO
00
24

00
22
9t

5

4

1
1

3
1
3
1

1
2

3

4

3
*

.14

.73

.48

.39

.82 1.25

.82 1.03

.62 1.25

.66 1.03

.70

.20

.03

.59

.04

00 -
00 -
oo -
<70 -
<70 -

<70 -
<100 -
<70 -

<uo .

<70 -
100 -
00 -

«aoo -
00 -

<130 -

00 -
00 -
OO •
00 -

OO -
00 -
00 -

00 -
00 -

300
200
200

70
70

2,000
1,000
1,000

420

300
700
100
240

300
310

300
150
300
100

150
300
200

150
150
inn

LARTRAMDM
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•: Staay la. solera ca ecaay eeacrlaea' la caxt; aachai of
liacaa la Cable 1. lacla. anefcir of ieealM la which the

by eeterlefc are eritaaetlc aaaa. DevUctoa. taoaacrtc aeviatlaa excepc chec values
by aetarlsk are •taaaere caviatlem. Kerar. leoaecrie error accriaacad ca laberacary pro-

lao'lcece aa aaca avaXlaalal
arc trmAtrt crcor. (— ) 1m ficnr*

pla. «« oallaiTtiaa lacalicy

Staay
Be. aa<

*f
k l̂wala fm^L

Devia-
tm^\

•lyalita
.; ttamri- a>

2 (2)

30:30

30:30

niaO

3Ut400
27:120
7tsU2

29:32

n

10

s
<7

17

1.50

1.30

2.12

2.54

1.S7

2.01

1.50

1.50

1.5S

l.M

1.50

1.22

10

10

O
<7
<7

70

70

35

690
190
25

<10 - 150

2:20 10

Uaalaalfaiaa; baaelqr

Okli

7 (1)
5 (2)

• a>

9 (2)

107:334
30:7»
•9:142

13:lt
119:152

30:32

43 tM

O
14
21

11
24

17

23

1.50
1.74

1.5*
1.37

1.92

1.47

1.34
1.37

1.34

1.37

O • 1.300
<M - 42
•00 • 150

30
53

<0 - 100

<20 - 110

Baltai Stataa- 3 (2)

5 (1)
i; maaeari——— 10 (!)

Loaer MUalaaiaaiaa; Kaacaeky ~ 5 a)
Opper MUaiaaiapiaa; Kamtaaky 5 a)

(1941).

49:392

41: SO
2:12

34:112
27:152

5:40

IS
4.0

14

1.14
2.04

1.24

1.14
1.35

540
150
30
IS
50
30

<0 • 7.000

•CO -

«30 .



c*

S Pr»f?*Pr»f TLw 1*1*
<5*«^M**, ^?ry

V ~&y£cn) "BAt********

1.3.

I - ae<Do

0.3?

'0.1-S"

10-300 . f

2'd IHD 3UOOU Z8,



GEOCHEMISTRY OF SOME ROCKS, SOILS. AND PLAN 13 IN THE UNITED STATES

TABU 26.—Lend in rocks, \mcoruolidtttd geologic deposits, soils, »nd pUml ush—Continued

F8S

Sample, and collection locality

Study
No. and
method of Ratio
analysis

Mean
(opm)

Devia-
tion

Error
Observed

range
(DDB)

ROCKS- -Continued

Limestone and dolomite— Continued

Pennsylvanian; Missouri, Kansas, and

Sidarite

5 (I)

6 (1)

11 (1)

58:80

9:32

19:30

UMCONSOLIDATID GEOLOGIC

Carbonate residuum (terra rossa)

On Roubidoux Formation; Missouri—
On Jefferson City, Cottar, and Powall

Formations; Missouri and Arkansas-

Loess

12 (1)
12 (1)

12 (1)
12 (1)
12 (1)

13 (1)

24:24
23:24

24:24
24:24
24:24

24:24

<20

4.2

19

DEPOSITS

29
22

22
24
26

15

3.13

1.24

1.89
2.05

1.59
1.59
1.49

1.30

1.35

1.23
1.23

1.23
1.23
1.23

1.23

<20 -

<20 -

15 -

15 -
15 -
15 -

10 -

200

70

30

ISO
150

50
100
70

20

S9XLS

Cultivated
Plow cone, garden; Georgia———

Plow tone, corn field; Missouri

Plov tone, soybean fiold; Missouri

Plov tone, pasture fiold; Missouri

Oak-hickory Forost»~— •— »- — •- —

1* (6)
15 (6)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (I)
17 (1)
17 (I)
17 (1)

4:30
28:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

2.6
26

18
20
23
27

18
25
31
25

18
25
22
25

2.77
2.31

1.16
1.29
1.28
1.91

1.15
1.41
1.82
1.48

1.16
1.63
1.33
1.41 '

1.23
1.25
1.25
1.25

1.25
1.25
1.25
1.25

1.25
1.25
1.25
1.25

ef^p •

•ClO •*

15 •
15 -
15 -
15 -

15 -
15 -
15 -
15 -

15 -
15 -
15 -
15 -

IS
300

20
30
30

ISO

20
30

100
SO

20
30
30
SO

Surface horison; Missouri* 16 (1) 1,130:1,130 20

Uncultivated
Surface horizon; Ponder River Basin,

Wyoming and Montana—————— 25 (1) 48:48 17

1.38

1.24

1.22

1.22

10 •

10 •

70

30

LEAD
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callarflaa Ucallty •cfcoi of tacto

A h*rlM»; giirjl• 14 (f) 7:30 2.1 4.24 — 4 0 - 7 0
U (*) 27:30 21 1.13 — 4 0 - 7 0

A tartM; f—--*T- II (2) 93:96 14 1.51 1.21 <7 - 96
U (2) 102:101 17 1.33 1.20 40 - 30

' -••• 14 (•) 3:30 40 — — 40 - IS
IS (6) 25:30 17 l.M — 4 0 - 5 0

• terlM; laiBitly II (2) tt:96 12 l.M l.tt <7 - 33

— . . . • • ••• - 20 (1) 49:50 19 1.56 1.23 40 - 100
•••• 20 O) S0:50 19 1.31 1.23 15 - 50

• • 20 (1) 50:50 24 1.50 1.23 15 - 70
20 (1) 50:50 25 1.52 1.23 10 - 70

~~._~~~~ 20 (1) 50:50 23 1.50 1.23 IS - 100
•t 20 (1) *'zSO II 1.64 1.23 40 - 200

C bsrtMBi flaujla 14 (6) 6:30 2.6 4.12 — 40 - 30
IS (•) 26:30 17 1.51 — 4 0 - 3 0

C •»!»•; tmtm*j II (2) 0:96 *15 «6.1 «1.21 <7 - 37

.; C«1«f«*» 22 (1) 1M:1M 21 1.62 1.25 15 - 150

14 1.96 — <7 - 300
440:492 II 1.93 — <7 - 700

pltBU
t •!»••!• -. • '•• 23 (6) 3:5 17 2.79 — 2 5 - 3 0 0

Itea; C««nl« 14 (6) 1:30 40 — — 4 0 - 5 0
15 (6) 1:15 40 — — 4 0 - 5 0

MB; C««m« • • • • • 14 (6) 2:30 40 — — 4 0 - 7 0
15 (6) 2:30 40 — — 4 0 - 3 0

*•*; BtPMMto " • 23 (6) 2:3 40 — — 4 0 - 2 5
•M; (7«M|I« 14 (6) 4:29 40 — — 4 0 - 7 0

; ffMnt • 14 (6) 1:21 40 - — 40 - 20
15 (6) 1:30 40 — — 4 0 - 2 0

; BiiMMlB ••• • 23 (•) 3:1 40 — — 4 0 - 2 5
i C««nto- 14 (6) 6:29 7.1 3.11 — 4 0 - 7 0

15 (6) 1:30 40 — — 4 0 - 7 0

17 (1) 1:1 40 — — 40 - 50
17 (1) 1:10 40 — — 40 - JO

W
i Wtemmmlm — 23 (6) 2:7

(6) 7:10 40 — — 4 0 - 5 0
300
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TABU K.—Lttd in rocks, vneontoluUttd geologic deposits, toils, md pltnt a»A—Continued

F85

Sanpla, aad collactioo locality

Study
No. and
Mthod of
anal vt 1*

Ratio Han Devia-
tion

Error
Obaarvad

ranga

PLANT ASH— Continuad

Hativa tpaciat

Blackcua, laavaa; caorcia— — — —

Buckbuab; Miaaourl

Cadar; Missouri

Hickory, pignut; Kantucky— »——•—

Hickory, shagbark; Kantueky— —- —

Hickory, shatbark; Missouri

Mapla, rad, stoat; Gaorfia*- —•--•••

Mapla, rad, laavas; Gaortia— — — —

Oak, post; Cadar Glada, Missouri——

Oak, whit a; Miaaeuri

Oak, willow; Ploodplala Poraat,

14 (6)
15 (6)
14 (6)
15 (6)

14 (6)
15 (6)
14 (6)
15 (6)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

20 (1)
24- (1)
24 (1)
24 (1)
24 (1)
24 (1)

18 (1)
19 (2)
18 (1)
19 (2)

20 (1)
20 (1)

14 (6)
15 (6)
14 (6)
15 (6)

18 (1)
19 (2)
20 (1)
18 (1)
19 (2)

18 (1)
19 (2)

20 (1)
20 (1)

90 m

30:30
29:30
23:30
29:30

29:30
30:30
29:30
30:30

47:47
48:48
50:50
49:49
41:41

50:50
9:9

10:10
10:10
10:10
6:6

64:64
88:88
40:40
20:20

19:19
7:7

29:30
30:30
26:30
30:30

25:25
22:22
50:50
28:28
8:8

49:49
75:75

50:50
49:49

&«•&«

210
270
33
58

250
480
57
96

200
210
300
260
420

100
86
91
70

120
64

210
260
170
220

100
190

120
230
41

100

150
140
80

120
150

150
180

100
140

190

2.71
4.64
4.65
2.40

2.88
2.34
2.01
2.56

1.76
1.91
1.85
1.88
1.84

2.06
1.54
1.42
1.26
3.25
2.16

1.61
1.51
1.57
1.63

1.66
1.65

2.59
3.13
2.92
2.21

1.63
1.46
1.87
1.34
1.32

1.92
1.49

1.83
1.72

i a«

• a*

mm

mm

1.59
1.59
1.59
1.59
1.59

1.59

1.19
1.32
1.19
1.32

1.59
1.59

1.12
1.32
1.59
1.12
1.32

1.12
1.32

1.59
1.59

i to

30 - 1.000
<10 - 2,000
<10 - 700
<10 - 500

<10 - 1.000
70 - 3,000

<10 - 2,000
10 - 1.000

50 - 500
70 - 1.000

100 - 2,000
70 - 1,000

150 - 1,500

30 - 1,500
50 - 200
7 0 - 1 5 0
50 - 100
50 - 1.500
20 - 200

100 - 700
120 - 940
70'- 500
88 - 510

3 0 - 2 0 0
100 - 300

<0 • 700
30 - 2.000

40 - 300
30 • 700

70 - 500
63 - 240
30 - 700
70 -. 200
90 - 260

10 - 700
50 - 440

30 - 500
50 - 1,000

in . <nn

LEAD
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Sort?
•a. aai

, aa* collocclaa locality aacfco* of Bacia Dovla- Error
Observed

*••*«

Oak-fclclwy-piaa Itonac—

29:30
29:30
22:30
29:30

49:49
17:17
25:27
17:17
27:27

27:30
29:30
29:30
30:30

34:4»
42:30
3f:49

.43:49
37:30
44:4*

27:21
24:27
25:21
27:27
45:47

110
150
24
4t

250
210
140
•3
95

110
110
67
120

2*
32
21
42
30
tl

120
110
45
91
45

2.90
3.15
4.13
2.59

1.70
2.37
4.91
1.44
2.28

3.91
3.09
2.29
2.25

2.28
1.82
2.11
2.17
2.36
2.23

2.M
3.31
2.47
2.07
2.09

1.59

•ao
•ao
•ao
100
30
•ao
30
30

•ao
•ao

1.59
1.59
1.59
1.59
1.59
1.59

30 •

<20 .
•CO -

•40 -

•ao •

20 -
1.59

700
1.500
700
500

1.500
700

1.000
200
500

1.500
TOO
500
700

200
100
150
300
150
300

700
700
200
300
300
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TABU 27.—Lithium in neks, tmcontolidaltd geologic deposit*, toil*, ana* pitni uh

F87

[Explanation of column headings: Study Mo. refers to study described In t«xt; Mthod of analysis (in
parentheses) refers Co Mthod listed in table 1. Ratio, number of samples in which the element vss
found in measurable concentrations to number of samples analysed. Mean, geometric Mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Sample, and collection locality

Study
Mo. and
method of
analvsia

Ratio Mean
(DM)

Devia-
tion

Error
Observed

range
loom)

ROCKS

Granite

toy elite

Sandstone

Pannsylvanian; Missouri, Kansas, and

Chert
Misaissippian; Missouri, Oklahoma,

Shale
Mississippian; Missouri, Oklahoma,

Pennsylvanian; Kansas, Missouri, and

Liaastona and dolosiita
Sauk saqucnca; Missouri and Arkansas*

Mississippian; Missouri, Oklahoma,

Pennsylvenian; Missouri, Kansas, and

1 (3)

1 (3)

4 (3)

6 (3)

7 (3)

7 (3)

6 (3)

4 (3)
10 (3)

7 (3)

6 (3)

ONCONSftLITlATn)

Carbonate residuum (terra rossa)
On Casconade Formation; Missouri--—
On Roubidoux Formation; Missouri— —
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas—

On Marastteian roeka; Missouri———

Lotss

12 (3)
U (3)

12 (3)
12 (3)
12 (3)

13 <3>

13:30

16:30

3:12

31:32

6:20

18:18

32:32

5:48
3:12

3:40

11:32

CKMffK 1

24:24
24:24

24:24
24:24
24:24

24:24

<5

5.2

2.1

17

2.8

25

79

1.1
49

.78

2.6

1EPOSSS

44
34

46
38
44

23

2.19

2.47

2.30

2.01

1.84

1.48

2.67

3.87

2.93

1.35
1.71

1.40
1.49
1.46

1.24

mte*

1.26

1.26

1.26

1.13

1.03

«••

*»•

1.06
1.06

1.06
1.06
1.06

e»ei

<5 -

<S -

<S •

<5 -

<S -

11 •

36 -

« -
<3 -

<S -

<* •

24 -
9 •

2* -
18 -
19 •

17 -

31

14

9

S3

7

110

120

9
IB

18

21

76
62

71
68
70

34

LITHIUM
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m we**. HKMttMoW folagie Itfoiiti. JoiJi. mrf flam

colloctiom locality

oat*
PlooaploJ* Pecoot—-

PlO*

Plow MM, Motor* fidi;
Pleoa»loi» Poreot——•

Oak-htckocy Pereat

17 (3)
17 (3)
17 (3)
17 «3)

17 (3)
17 (3)
17 (3)
17 (3)

10:10
10:10
10:10

10:10
10:10
It I
9:9

10:10
10:10
10:10
10:10

15
22
11
19

13
24
20
IS

It
21
20
20

(3) 1.140:1.140 22

32
29
23
18
13

30:30

».CA• rfw

30:30

1.32
1.22
1.22
1.17

1.42
1.12
1.20
1.17

1.49
1.12
1.16
1.21

1.28

1.21
1.33
1.33
1*33
1.41

1.03
1.03
1.0)
1.03

1.03
1.03
1.03
1.03

1.03
1.03
1.03
1.03

1.03

1.06
1.06
1.06
1.06
1.06
1.06

9
18
12
16

8
20
16
13

8
18
16
16

7
21
16

7
10
6

- 22
- 3*
- 25
- 26

- 24
- 30
- 27
- 22

- 39
- 26
- 24
- 28

- 47

58
66

120
31
31

her ; Col •- a (3)
n <3)
ai O)

336:360
447:447

17
23

1.87

2.10
1.62

1.06 • 88

6 -
136
130

•ativo

Potlaciatoi Prairie
Cloao

41:46

34:46
26:39 .

3.3
3.2
4.0
4.5
4.0

1.37
1 +m• ̂ w

•»•

1.43

12
10

10
12

• &
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TABU: 27.—Lithium in rue it, imconsolidttcd geologic deposits, soil*, and pUnl uh—Continued

F89

Sample, and collection locality

Study
Mo. aad
Mthod of
analysis

Ratio Mean
fDMl)

Devia-
tion

Error
Observed

range
foom)

PIANT ASH "Continue!

Native species— Continued

Hickory, shagbark; Missouri

Pin*, shortlcaf; Oak-hickory*?!**

Sagtbrush; Povdar Rlvar Basin,

19 (3)

19 (3)

__. 9A f\\— Zu {3)

19 (3)

19 (3)

19 (3)

61:64
68:88
39:40
15:20

10:19
4:7

23:25
19:22
27:28
8:9

48:49
72:76

19:48

48:48

11
6.4

14
6.1

4.0
4.6

15
8.4

12
8.3

15
14

<4

9.4

1.95
2.06
2.30
1.68

•»•

1.52

2.63
2.07
2.00
2.11

1.86
1.82

1.82

1.84
1.68
1.84
1.54

1.71
1.68
1.71
1.68

1.71
1.68

\

<4.6 -
<4.6 -
<4.6 -
«4.6 -

<4 -
<ft -

<4. •
<*. -
<*. -
<4. •

<4. -
<4. •

<4 -

2.0 -

60
42

130
14

12
8

84
37
60
23

65
46

10

48

TABLX 28.—Mtgntsium in reeks, unconsolidfted gtologie deposits, soils, end plmt usk

[Explanation of eoluaa headincs: Study Mo. refers to study described ia text; Mthod of analysis (in
parentheses) refers to Mthod listed in table 1. Ratio, aaaber of saaples in which the eleewnt was
found In nsasurable concentrations to nuaber of saaples analysed. Mean, (eosMtrie ewaa. Deviation.,
geenetric deviation. Error, geoMtric error attributed to laboratory-procedures. Leaders (--) in
figure colusB indicate no data available]

Saaple, and collection locality

Granite
Preeavbrian; Missouri——————

Rhyolite

Sandstone
Sauk sequence; Western United States -

Study
Mo. and
Mthod of
analvsis

RO

1 (3)

1 /*\

3 (16)
* f\t,\

Ratio

crs

30:30

•A. *Aju: ju

367:400

Mean Devia-
{ BAVCsMftt^ t i«ft

0.092 2.65

IXO 9 M•U99 2»O9

.17 3.17
T» •» tO

Error

1.07

I flV

2.36
1 .S»

Observed
range

0.012 - .45

AflatA _ Aft

<.03 - 4.3
^ nntn . 11

1 Of Swann and Villman (1961). LZXBIDM, MAGNESIUM
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I galagk. lifotttt. toilt. Mrf

•rt c*ll«rrl«a locality

tUmrltm

1.45 1.22

U O*) 30x30 1.6 1.4* —

.2* - 1.8

- 3.3

U (3)

•MMMHMMMH

24x24
24x24

24x24
24x24
24x24

MVMMMMMMl

0.30
.43

.60

.40

.43

1.92
2.13

1.47
1.41
1.30

1.04
1.04

1.04
1.04
1.04

0.19
.11

.28

.23

.24

- 5.5
• 4.0

- 1.7
.75
.59

24x24 .63 1.83 — .31 • 2.1

OBlCl
riOT

Flov MM. con fteltf;
riM*>UlB newt—-
ClMUM* mirw—•

PrairtB——
Osk-kiehocy F»t«««——

n«v MM. MVMOB ft*14;
FUM>lala FIM.MC--——

Osk-htetecy Foe
F10VMM fUU;

U (13)
IS (13)

17 (3)

17 (3)
17 (3)

17

17

30x30
30x30

8x8
10x10

10:10

10x10
10x10
8:8

ClaeUu* Pratri*~— — 17 (3)
10:10
10:10

0.027
.24

.21

.26

.26

.38

.22

.23

.25

.35

1.84
1.93

1.81
1.36
A«3w

I mM.
• J™.

1*U
1.18
1.37
1.47

1.91
1.36

— 0.01
— .07 - 1

1.09
1.09
.09
.09

.09

.09

.09

.09

.09

.10 -

.23 •

.13 -

.11 -

.11 •

!l/4 -
.11 -

.08 -

.26 •

.52

.74

'.n

.71
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TA»LC 28.—A/afnwium in rocks, unconsolidattd geologic deposits, soils, tnd pUnt *sh—Cuniinued

F91

Sample, and collection locality

Study
Mo. and
Method of
analysis

Ratio Haaa
(percent}

Davia
ti

• Error
Observed

raaga
(perce&cV

SOUS—Continued

Cultivated—Contiaued
Plow zone, pasture field; Missouri—Continued

Unglaciated Prairie — 17 (3)
Oak-hickory Forest————..... 17 (3)

10:10
10:10

0.23
.27

Surface horizon; Missouri- 16 (3) 1.140:1,140 .26

1.43
1.60

1.65

1.09
1.09

0.14
.11

0.42
.51

1.10 .05 - 2.8

Uncultivated
Surface horizon; Powder River Basin,

B horizon; Missouri

Cultivated and uncultivated

43 W

14 (13)
15 (13)
18 (16)
19 (16)

W (13)
15 (13)
18 (16)

20 (3)
20 (3)
20 (3)
20 (3)
20 (3)
20 (3)

14 (13)
15 (13)
18 (16)

22 (3)

21 (13)
21 (13)

<*O:HO

30:30
30:30
96:96

108:108

30:30
30:30
96:96

50:50
50:50
50:50
50:50
50:50
50:50

30:30
30:30
96:96

168:168

358:358
491:492

• 3V

.026

.25

.19

.18

.025

.29

.35

.31

.54

.35

.84

.18

.11

.041

.37

.34

.4

.23

.78

L.IL

2.48
2.19
1.57
1.37

2.17
2.16
1.49

1.80
1.38
1.57
3.06
2.25
1.67

3.05
2.09
1.89

2.21

3.39
2.21

L.LI

••

1.08
1.22

1.08

1.19
1.19
1.19
1.19
1.19
1.19

«»e>

1.08

1.22

• 1?

.01

.03

.05

.08

.01

.03

.07

.14

.23

.14

.07

.04

.04

.005

.1

.01

.1

.005

.5

f.

.3

.7

.6

.73

.2

.7

.9

- 1.1
- 1.0

.78
- 7.5
- 4.8

.58

.5
- 2
- 2

- 1.9

- 5
« no

P1AHT ASH

Cultivated plants

Been, snap; Georgia— — — — — —

23 (13)
14 (13)
15 (13)
14 (13)
15 (13)

23 (13)
14 (13)
15 (13)
14 (13)
15 (13)

5:5
30:30
15:15
30:30
30:30

3:3
29:29
4:4

28:28
30:30

5.7
3.4
2.8
3.6
4.3

2.6
5.0
5.2
2.7
2.2

1.41
1.53
1.15
1.42
1.49

1.26
1.62
1.49
1.90
1.68

• 4»

..

• •

..

3
1.5
2
1.5
2

2
2
3
.5
.7

• 7
- 7
- 3
- 7
- 12

- 3
• 12
- 7
- 7
- 7

MAGNESIUM
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TAB* &.

STATISTICAL CTUDOS IN HELD CCOCMEMBmY

r itpariu. jodi. atd fit

Saayla, aai callacclaB) locality
at)

rcalrta-
talri*-

23 (13)
23 (13)
23 (13)
23 (13)

— 17 a)
~ 17 a)
—17 a)
— 17 (1)

1* (13)
15 (13)

14 (13)
15 (13)
14 (13)
U (13)

14 (13)
U (13)
14 (13)
U (13)

Clad rnlcte—
talci*

eii

data-
Laclacatf rcaizla-

20
30
20

20
24
24
24
24

a)
a)
O)a)a)
a>a)
O)a)a)

Utll

2ts29
30t30

•si
10:10
10*10
10:10
12:27

4:4
7:7
4s4

10:10

10:10
10:10

13

.3

.1

.7

.0

.2

.3

.3

.9

30:30
30:30

24:30
30:30
21:30
24:30

2f:30
27:30
•:30

12:30

47:47
41:4*
SO: SO
4f:4ff
41:41

SO: SO
9:9

10:10
10:10
10:10

.7

.7

.3

.2

.3

.0

1.7
l.S

4.t
4.0
«.•
t.7

S.7
S.9

Pansf 24 a)

1.9

3.S
3.1
4.7
3.t
3.4

3.0
4.7
4.6
».l
4.7
3.9

1.27
1.00
l.M
1.41

1.19
l.lt
1.13
1.19
2.20

22
40

l.S*
1.S1
l.SS
1.13
1.S9

i.n
1.31
1.44
1.19
1.42
1.70

1.20
1.20
1.20
1.20

1.34 —

1.20
1.20
1.20
1.20

1.43
1.24
1.3S
1.40

1.41
1.30

1.73
1.49
1.73

1.43 —
1.33 —

1.27 —

3
3

U
7

7
7
7
7

1.34
1.34
1.34
1.34
1.34

1.34

.7

.7

3
3
3
5

3
5
3
5

3
3

no
7

no
no
no
no
no
no

7
7

10
7
7

7
10

7
7
7
7
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TABU 28.—,U«*»ir.»iuin tn rocks, unctmsolUMcd geologic deposits, soils, mrf pUnt MA—Continued

F93

Sample, and collection locality

Study
Me. and
Mtfaod of
analysts

Ratio
(pe

Devia
tton

Error
Observed

range
(percentl

PLANT ASH—Continued

Ma Civ* tpeciet—Cootinued
Hickory, pignut; Kentucky—

Hickory, shagbark; Kentucky-

Hickory, shagbark; Missouri
Oak-hickory Forest———
Oak-hickory-pine Foreat—

Maple, red, stem*; Georgia——

Maple, red, leaves; Georgia——

Oak, black; Kentucky

Oak, post; Cedar Clade, Missouri*
Oak, red; Kentucky———

Oak, white; Kentuoky-

Oak, white; Missouri
Oak-hickory Forest———
Oak-hickory-pine Forest—

Oak, willow; Floodplain Forest,
Missouri • —«

Persimmon, stems; Georgia——

Persianon, leaves; Georgia——

Pine, shoreleaC; Oak-hickory-pine
Forest, Missouri————

Sassafras, steaw; Georgia—•-

Sassafras, leaves; Georgia-

Sunac, winged, stew; Georgia—

Suaac, winged, leaves; Georgia-

Sumac, smooth; Missouri
Floodplain Forest———
Glaciated Prairie— —
Unglaciated Prairie——
Cedar Glade— —
Oak-hickory Forest————
Oak-hickory-pine Forest—

18 (3)
19 (3)
18 (3)
19 (3)

20 (1)
20 (1)

14 (13)
15 (13)
14 (13)
15 (13)

18 (3)
19 (3)
20 (1)
18 (3)
19 (3)

18 (3)
19 (3)

20 (1)
20 (1)

20 (1)
14 (13)
15 (13)
14 (13)
15 (13

20 (1)
14 (13)
15 (13)
14 (13)
15 (13)

14 (13)
15 (13)
14 (13)
15 (13)

20 (1)
20 (I)
20 (I)
20 0)
20 (1)
20 (1)

60:60
88:88
40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
27:27
9:9

47:47
76:76

50:50
49:49

46:46
27:29
30:30
18:30
28:30

49:49
17:17
27:27
25:27
25:27

30:30
30:30
27:30
30:30

48:48
50:50
49:49
49:49
50:50
49:49

2.7
1.8
3.0
1.6

2.5
2.2

2.5
2.3
5.1
4.9

2.4
1.7
3.1
2.2
1.7

2.0
1.6

1.8
1.6

3.4
5.3
4.4
7.3
5.5

3.5
3.2
3.0
4.7
4.7

2.9
2.3
5.2
3.6

2.9
2.2
2.3
2.2
2.0
2.0

2.15
1.50
1.77
1.45

2.11
1.63

1.50
1.50
1.56
1.45

2.00
1.34
2.02
1.78
1.37

1.90
1.27

1.86
1.50

1.54
1.43
1.37
1.67
1.43

1.40
1.69
1.61
1.46
1.46

1.53
1.41
1.55
1.49

1.48
1.54
1.40
1.69
1.43
1.50

1.37
1.05
1.37
1.05

1.34
1.34_

—
—
—

1.96
1.05
1.34
1.96
1.05

1.96
1.05

1.34
1.34

1.34
~

—
—
—

1.34

—....
••

..

—
—— '

1.34
1.34
1.34
1.34
1.34
1.34

0.72
.4

1.1
.66

.5
1

1
1
2
2

l.l
.98
.7

1.1
1.0

.84

.92

.5

.7

1.5
3
3
3
3

1.5
.7

1
3
3

1.5
1.5
2
1.5

1.5
1.0
1.5
.7
.7

1.0

- 22
- 3.5
- 24
- 3.4

- 10
- 5

- 6
- 7
- 10
- 7

- 11
- 2.9
- 7
- 13
- 2.4

- 12
- 2.6

- 7
- 7

- 7
- no
- 10
- no
- no
- 5
- 7
- 7
- no
• no
- 7
- 7
- no
- 7

- 7
- 7
- 5
- 7
- 5
- 5
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TuuJ

locality

nmr •• rmrm it

nootplAla

u as)
15 (13)
20 (1>

2*:2*
27:27
47:47

2.4
S.I
2.7

1.4*
l.M
I.t5

~ 1.3
•• 1

1.34 .7

•£ •••lyiis (la

£*•«•

•Hr

1 a)

1 (1)

2 (2)

3 O«)
*O>
5 O)
5 (2>

• O)

a>

30*30

30t30

•OilO

2«3t400
12:12

UOtUO
U2slS2

32:32

20i20

303s3M
74:7*

290

320

210

120
2*
17
n

300

49

420
190

2.U

2.4*

2.92

3.52
3.42
4.41
4.2*

4.3*

1.23

1.23 70

1.54 U

1.79 <77
2.25 2
1.11 9
1.22 5

4.40 2.25

• 1.500

• 1.500

• 1,700

• 10.000
150

• 2.300
• 1,700

- 3.

2.25 .5 -

2.19 2.35 <55
1.79 ~ 77

200

4.600
1.600

Of am).
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TAMX K.—Mfngtnest in rocks, unromoUdtttd geologic deposits, toils, »nd plant tsh—Continued

F95

Sample, and collection locality

Study
Mo. and
method of Ratio
analysis

Mean
(on)

Devia-
tion

Error
Observed

ran«e
(oom)

ROCKS- -Con t***«f til

Shale -Continued

Mississipplan; Missouri, Oklahoma.

Peansylvsnian; Missouri, Kansas, and

Black shale
Devonian and Mississipplan; Kentucky-

Limestone and dolomite
Sauk sequence; Western United States -
Sauk sequence; Missouri and Arkansas-

Mississipplan; Missouri. Oklahoma,

Ptansylvanian; Missouri, Kansas, and

Siderite

Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri——
On Roubidoux Formation; Missouri—
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas-

Loess

5

7
5

6

9

3
4
5

10
5
5

7
5

11

W

12
12

12
12
12

13

(2)

(1)
(2)

(1)

(2)

(2)
(1)
(1)
(1)
(1)
(1)

(1)
(1)

(1)

(1)
(1)

<D
(1)
(1)

(1)

142:142

18:18
152:152

32:32

88:88

392:392
48:48
80:80
12:12

112:112
152:152

40:40
80:80

30:30

Tfi^ GBOTiOG TO

24:24
24:24

24:24
24:24
24:24

24:24

130

140
180

170

65

320
83

520
110
160
140

160
910

830

1,700 _

DEPOSITS

93
79

91
110
150

510

2.

2.
3.

1.

2.

3.
3.
1.
2.
2.
2.

2.
1.

2.

1.

2.
1.

2.
2.
2.

1.

50

05
11

97

02

20
04
80
62
75
41

OS
63

69

23
96

30
34
47

69

1.18
1.48

1.18

1.09

1.27
1.29
1.55
1.29
1.50
1.34

1.29
1.41

1.29

i
1

1
1
1

.23

.23

.23

.23

.23

19

20
12

30

27

11
15
50
30
10
15

15
200

200

500

30
30

30
20
30

150

- 4.600

300
- 1.000

500

780

- 4,500
- 2,000
- 1,500

300
- 1,500
- 1,000

700
- 3,000

- 7,000

- 3.000

- 1,500
500

500
700

- 1,000

- 1,000

SOILS

Cultivated
Plow zone, garden; Georgia— — — —

Plow zone, corn field; Missouri

14
15

17
17

(1)
(1)

(1)
M\

30:30
30:30

8:8
in. in

99
410

460
4QO

2.
1.

2.
i

14
84

32
«

1.28
1 9*

20
150

100
»nn

• 700
- 2.000

- 1,000
i cnn

MARCANESE
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plo. aai collocttoa locality

tarty
•o. oa

of title
Obaorvod

oovU- Error

OMC»|I

flooo>Ute
CUclacot

talrte-
CUoV

c

c

fell

29 a)
U (1)
15 a>
It (2)
19 CO

U (1)
u a>
ua>
20 a)to a)
» a>» a)
20 a>
SO (1)

u a>
19 (1)
!• O)

10:10
10:10

10s 10
10:10
tit
9:9

10:10
10:10
10:10
10:10

930

390
900
990
•90

390
910
«00
490

-a a)-a a)

1.140:1.140 740

230

130
320
400
•00

19
290
170

710
430
790

1.100
730
MO

•1
220
140

210

290
390

1.94
1.41

2.31
2.20
1.09
2.09

2.02
1.09
1.33
1.90

I.t3

.2t

.2t
190
300

1.20 70
1.20 130
1.20 300
1.2t 200

1.2t 100
1.21 200
1.20 300
1.2t 300

1.30 19

1.300
700

1.500
1.300
1.500
1.500

1.500
1.500

700
1.000

3.000

— 70 - 1.000

)0t30
3ts30
MsM

103:10t

30:30
30:30
M:H

49:90
90:90
90:90
90:90
90:90
90:90

30:30
30:30

22 a) 1M:1M

3*9:370
491:4fl

.44

.17

.90

.03

.99

.91

.72

.29

.29

.57

.U

.09

,07
74
,47

.99

.45

.94

1.04
1.43

1.04

1.41
1.41
1.41
1.41
1.41
1.41

1.04

i.a

90
100
44

20
100
39

100
70

150
300
70

150

20
50
19

100

— 30

700
700

1.000
2.200

700
1.500

420

^20.000
2.000
7.000
5.000
3.000
2.000

300
700

2.000

700

7.000
5.000
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TABU 29.—AfotfWMK in neks, untontoMtltd gtologic deposits, toil*, *ad plntl «tA—Continued

P97

Saaple, and collection locality

Study
Mo. aad
•ethod of
analvsis

Ratio Mean
loom)

Devia-
tion

Error
Observed
ranee

PLANT Affl

Cultivated plants

Con; Missouri

Pepper, sweet; Wisconsin— — — — —

Soybean; Missouri

Native species

Black cherry, leaves; Georgia--*-——

Buckbush; Missouri
Glaciated Prairie— •-—••—-•—

23 (1)
14 (1)
15 (1)
14 (1)
15 (1)

23 (1)
14 (1)
15 (1)
14 (1)
15 (1)

23 (1)
23 (1)
W (1)
15 (1)

17 (1)
17 (1)
17 (1)
23 (1)

23 (1)
23 (1)
23 (1)
23 (1)

17 (1)
17 (1)
17 (1)
17 (1)

14 (1)
15 (1)

14 (1)
15 (1)
14 (1)
15 (1)

14 (1)
15 (1)
14 (1)
15 (1)

20 (1)
20 (1)
20 (1)

5:5
30:30
15:15
30:30
30:30

3:3
29:29
4:4
28:28
30:30

11:11
8:8
29:29
30:30

10:10
10:10
10:10
27:27

4:4
7:7
4:4
10:10

10:10
10:10
8:8
9:9

30:30
30:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
50:50

470
320
350
370
340

250
810
480
450
400

220
96
350
230

260
320
290
290

110
220
200
110

400
320
310
360

170
100

.700

.600

.700

.700

.400

.500

.300

.600

.*»

.100

.300

1.78
1.68
1.61
1.88
1.70

1.88
1.64
1.42
2.40
2.26

i.n
2.00
1.64
1.87

1.40
1.31
1.14
1.48

1.35
2.05
1.98
1.55

1.57
1.31
1.42
1.29

1.94
1.49

2.46
2.27
2.44
2.07

2.69
1.86
2.53
2.11

2.03
1.88
1.61

200
150
200
150
150

ISO
•r 300

300
70
100

150
20
15
100

1.16 200
1.16 200
1.16 200

150

70
— 100

100
50

1.16 200
1.16 200
1.16 200
1.16 300

.. 70
50

•• 300
— 1.000

150
500

150
500
500

— 1,000

1.38 500
1.38 1,000
1.38 2,000

*»

m

m

m

m

m

m

m

1.000
1.000
1,000
1,000
1,000

500
2,000
700

2,000
1.500

700
150

1.000
700

500
500
300
700

200
700
500
150

1,000
500
500
500

500
300

20.000
30.000
15.000
15,000

30.000
20.000
20,000
30,000

15,000
15.000
20.000

tMKAHKSE
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20 a) *»:*» 10.000 l.*2 1.38 3,000 - 20.000
20 a) *!:« 10.000 1.5S 1.38 5,000 - 30.000

50:30 1.700 2.n 1.38 300 - 30.000
9:9 4.800 2.n — 1.500 • 13.000

10:10 5.300 2.40 ~ 700 - 15.000
10:10 1.600 1.85 — 700 - 7.000
10:10 5.700 1.92 — 2.000 - 15.000

24 a) ft:* t.700 1.53 — 3.000 - 15.000

Umcitf 18 a) ***** 0.000 l.ftl 1.21 2.000 - 30.000
19 (2) 88:88 7.300 1.8* 1.11 1.900 • 27.000

ftMBCly ..... 18 a) *0:40 10.000 1.85 I.n 1.500 - 30.000
If a) 20:20 7.300 1.95 1.11 2.300 • 25.000

20 (1) 19:19 8.300 1.89 1.38 2.000 - 20.000
20 (1) 7:7 12.000 1.42 1.38 7.000 - 20,000

14 a> 30:30 *.880 1.80 — 1,000 - 15.000
15 a) 50:30 *.800 1.92 — 1.500 • 20,000
U (1) 50:30 8.200 2.*3 — 150 - 20.000
15(1) 30:30 ft.700 2.37 — . 5 0 0 • 20.000

25:25 13.000 2.05 I.n 1.000 - 30.000
22:22 9.000 2.08 1.11 1.500 • 32.000
50:50 3.200 2.3ft 1.38 500 - 20.000
28:28 13.000 I.n l.U 5.000 • 50.000

8.900 2.54 1.11 3.500 • 37.000

49:49 13.000 l.«0 I.n S.OOO - 50.000
75:75 11.000 1.75 l.U 3.700 - 38.000

50:50 12.000 1.74 1.38 1.000 - 30.000
49:49 13,000 1.57 1.38 S.OOO - 30.000

30:30 7.200 1.99 — 1.000 - 20,000
30:30 ft.200 1.8ft — 1.500 - 20.000
30:30 1.900 2.35 500 - 30.000
30:30 1.000 1.97 — 1.500 • 20.000

49:49 14.000 1.59 1.38 3.000 - 30.000
17:17 2.100 2.07 ~ 500 - 7.000
27:27 3.300 2.14 ~ 700 - 10.000
17:17 2.700 2.19 ~ 700 - 15.000
27:27 4.300 1.89 — 1.500 • 10.000

—-- 14 (1) 30:30 2.800 2.14 — 700 - 15.000
IS (1) 30:30 2.000 2.2ft — 300 - 10.000
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TABLE ^S.—Mtngtantu in rocks, unconsolitUted geologic deposits, toils, tntt plmnt ash—Continued

F99

Sample, «nd collect ion locality

Study
No. and
method of latlo
analysts

Man
(00*)

Devia-
tion

Error
Observed

range
rDDB)

PLANT ASH— Continued

Native species-- Continued
Sumac, winged, leaves; Georgia-- — —

Sumac, nwoth; Missouri

Sweetgua; Floodpleia Forest, Missouri

14
15

20
20
20
20
20
20

14
15
14
15
20

(1)
(1)

(I)
(I)
<D
(1)
(1)
(1)

(1)
(1)
(I)
<D
(1)

30:30
30:30

48:48
50:50
49:49
49:49
50:50
49:49

28:28
27:27
28:28
27:27
47:47

1,400
970

760
550
640
470
690
770

4.100
6.800
9,600

13,000
6.300

1
1

1
1
1
1
1
1

1
1
1
1
2

.62

.85

.74

.68

.62

.62

.60

.58

.99

.74

.90

.67

.11

1
1
1
1
1
1

1

.38

.38

.38
f38
.38
.38

• •§

.38

500
300

300
200
300
200
150
200

700
1.500
1,500
5,000
1,000

• 5
• 5

- 2
• 1
• 2
- 1
• 2
- 2

• 15
- 20
- 30
• 30
- X

,000
.000

,000
,500
,000
,500
.000
,000

,000
,000
,000
,000
,000

TABU 3Q.—Mtmay in neks, vncansolidtttd gtologic dtpoiits, soils, end try plfnts

[Explanation of column headings: Study No. refers to study described la text; method of analysis (in
parentheses) refers to Method listed la table 1. Ratio, number of samples IB which the element wee
found in measurable concentretions to nuaber of saaples analysed. Mean, geoawtric aean. Deviation,
geoMtrie deviation. Error, geoawtric error attributed to laboratory procedures. Leader* (--) la
figure coluan Indicate no .data available]

Study
No. and

Sample, and collection locality method of tatio Mean Devia- Error
' analysis foob) tion

Observed
range
fopb)

KOdCS

Granite
Precambrian; Missouri- 1 (4)

Rhyollte
Precambriaa; Missouri ———--— 1 (4)

Sandstone
Roubidcwx Formation; Missouri——— 4 (4)
Pennsylvanian; Missouri, Kansas, and

Oklahoma————————— 6 (4)
Chert
Mississippian; Missouri, Oklahoma,

26t30

23130

6:12

24:32

14

15

7.9

16

i.n

1.82

2.82

2.40

1.47

1.47

1.35

1.35

17 2.2 i.:

<10 - 700

740

50

150

60

MAKCARESE, MEMORY
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SCMy

Mrtt-

OhUfc * <4>

Mi ATMMM- 4 (4)
., —M«rt——~ 10 (4)

30:32

84:M

47:48
11:12

38:40

30:32

4S

3*0

28
22

30

30

2.M

3.37

2.09
2.57

2.37

2.M

1.44

2.1S

1.34
1.34

1.34

1.34

<10 - 190

<40 - 1.500

• 110
• 100

<10 - 130

- 170

.30

.30
20 -

20
10
10

170
290

120
150
140

13 (4) 23:24 l.lf ~

FlM-MM. «
flMiplrta
ClmeiMft ftmtrto——
HMj«rf«f«« train*——
OBk-feictexy fMMt——

Fl«» MM. iijtiM fi*U;
flMtff Ula tWMt<
CUcl«c«« mirl*-

rcatrtr-
VKMC—

tUUl

- 17
« 17
- 17
- 17

(4)
(4)

~ 17

— 17— 17
•• 17

17
17
17
17

w
(4)

(4)

<4)

(4)
(4)

10:10
10:10
10:10

10:10
10:10

9:9

10:10
10:10
10:10
10:10

37
31
42
38

42
31
4*
30

33
49
38
37

1.93
1.81
1.70
1.54

2.00
1.89
i.n
2.29

2.1t
1.51
i.n
1.48

.41

.41

.41

.41

.41

.41

.41

.41

.41
41

1.41
1.41

10
30
20
20

10
10
20
10

20
40
30
30

90
210
140
70

100
110
130
70

260
120
SO
140

l— It (4) 1.124:1.140 39 1.80 1.53 <10 - 800
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TABU SO.—Mercury in rocks, uncontolidtted geologic deposits, mill, tnd dry plintt—Continued

F10I

Saaple, and collection locality

Study
No. and
method of
analysis

Ratio Mean
(ppb)

Devla- Error
tloa

Observed .
range
(BDD)

SOILS -Continued

Uncultivated
B horizon; Missouri

Cultivated and uncultivated

B horizon; Eastern United States-——
B horizon; Western United States-——

Native species
Bucfcbush; Missouri

Pine, shortleaf; Oak-hickory-pine

20 <4)
20 (4)
20 (4)
20 (4)
20 (4)
20 (4)

22 (4)

21 (4>
21 (4)

DRY

20 (4)
20 (4)
20 (4)
20 (4)

20 (4)

50:50
50:50
50:50
50:50
50:50
50:50

153:168

420:420
491:492

PLANTS

1:23
2:29
2:28
1:25

3:25

57
68
46

160
55
45

35

96
55

<2S
<25
<2S
<35

2.07 1.82
1.70 1.82
1.76 1.82
2.39 1.82
1.91 1.82
2.05 1.82

3.84 1.66

2.53
2.46

•»•> *>*>

20 -
30 -
10 •
30-1
10 -
10 -

10-3
<10 - 4

<25 -
<Z5 •

500
260
310

,500
260
500

420

,400
,600

50
50
25
25

25

TABLE S\.—MolyUm\an tit rocks. tautmtolUttttd gtologic depotiu, toil*, tnd plmt *sh

[Explanation of colusn beadints: study Ho. refers to study described la text; swthod of analysis (la
parenthesaa) refers to Mthod liatad la table 1. Ratio, nuaber of saaples la iihieh the ele*aat was
found in measurable concentrations to nuaber of samples analysed. Mean, «eoa«trlc swan. Deviation.
geometric deviation. Error, <eoMtric error attributed to laboratory procedures. Leaders (—) la
figure colucn iadieate no data available]

Sample, collection locality

Study
No. and
method of Ratio

ilysls
Hean Devla- Error
(port tion

Obaerved
rente

ROCKS

Granite
Precaobrian; Missouri-

Rhyolite
Preeaabrian; Missour1-

1 (I)

1 (1)

12:30

5:30

<3 - 15

<3 - 3
MERCURY, MOLYBDENUM
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TuuSl.-

. tmt foll«ctlo« locality Mthoi ot

••* OUj

Siterlt*

(2)

7 (1)

- »a)

7 a>
S O)

U (1)

D*rl«-

49:400

4:32

B:M

7:4*
2:10
2:112

12:132

3t40

n 2.1* 1.12

.79 2.M —

3:32

19:30

<7
<7
<7

<3
<7

7.2

<* - 30

<3 - 30

O - 10

- 290

7
IS
30
20

7
20

<3 -
<7 -
<7 -
<7 -

<3 -
<7 -

<1 -

l.M <7 - 20

-12 (I)
~u a>
i- 12 (1)

• 12 (1>• 12 a)

1:24
1:24

•:24
2:24
2:24

<3
<3
<3

<3 -

O -
<J -

tiv BuU,

l» (1) li:l,140 O

23 a)

U (2)

U (2)

3:41 O

2:H <•

3:9* <•

<3 - 13

0 - 2 0

<8 - 86

<• - 170
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TASU 31.—A/oiyMenum in rocks, uncontolidMUd gtologie deposit*, soils, md plmt tsh—Continued

F103

Staple, and collection locality

Study
Ho. aw
method
•nilTii

i
of Katio

Li
Mean
(DDBJ)

Devia-
tion

Error
Observed

rente

SOILS- Continued

Uncultivated— Continued
B horison; Missouri

Glaciated Prairie—— .—.—...——

Cultivated and uncultivated

B horizon; Eastern United States—
B horizon; Western United States—

20
20
20
20
20

18

22

21
21

(1)
(1)
(1)
(1)
(1)

(2)

(1)

(1)
(1)

1:50
4:50
3:50
2:50
1:50

4:96

7:168

32:371
48:492

<3
<3
<3
<3
<3

<8

<3

<3
<3

—

mm <3
<3
<3
<3

<8

<3

<3
<3

-

10
7
5

30
7

170

7

7
7

PUUCT ASH

Cultivated plants

Corn; Missouri

Soybean; Missouri

23
14
15
14
15

14
14
15
23
14
15

17
17
17
17

23
23
23
23

17
17
17
17

14

(1)
(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)

(I)
(1)
CD
(I)

m

4:6
20:30
8:15

15:30
11:30

8:29
7:28
6:30

10:11
10:29
1:30

8:8
9:10
7:10
8:10

22:27
4:7
3:4
2:10

7:10
8:10
6:8
9:9

3s SO

9.9
9.5
5.1
4.7

<5

*̂ S

a^J

e^J

15
2.5

18
11
7.9

11

16
10
10
6.6

10
17
9.4

20

<S

1.45
4.88
3.29
5.29

mm

1.51
3.69

1.66
1.83
2.72
2.19

1.94
1.88
1.37
1.32

3.77
3.95
3.16
2.04

mm

mm

mm

mm

mm

1.35
1.35
1.35
1.35

mm

1.35
1.35
1.35
1.35

<5
<5
<5
<S
<S

e^j
e^J
«^5
e^J

<S

7

<5
<5

<5
<5

<S
<5
<S
5

<5

•

15
150
20
50
30

70
30
20
30
15
20

30
20
30
30

70
20
15
10

70
70
50
70

in

MOLTBDUTOM
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. •* coH«ctiaa Ucollty

••tim

24 a>u a>24 a>24 a)

a>a>

•*!•. r*.
Oik. fcUck; |y. ...........

— — » wu a)
1 IB d)

19 (2)

Oik.
is a>
it a>
19 a>
u a)u a)
U (1)
u a>u CD

1(30
1:30
1:30
1:30

11:47
34:50
7:4t
9:41

21:30
4:9
4:10

3:10

2.0
4.5
1.4
l.ft

3.4
2.2
2.0
7.4
1.3
3.3

2.41
2.M
2.49
3.12

2.43
4.39
3.43
2.39
4.33
2.M

o -

<5
<5

<S
<J
O
O
O

S:«4

4:40

1:30
1:30
1:30
«:29
1:22

2:21
3:49
1:72

2:30
2:30
1:30
3:17
t:27

1:27
1:30
1:30
2t30
1:30

00
O

<3
O
<3

.74 1.S2 —

<3
<J

00

<3
<3
l.ft

<3

oo
O

<5
O

oo

O
00

« -

3.§7 —

7:30
3:49

n:49
3:30
4:49

.91

.74
3
3.3

3.31 ~
4.27 ~

2.10

•« -

< •

^ -

<s -
<s -

^ •

10
20
10
13

20
30
10
13

30
13
13
30
10
IS

300
39

200

10
7

20
100
90

70
20

120

20
15
20
20
50

7
20

7
13
15

13
20
3

30
20
70
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TABU 32.—Nnxtymium in rocks, itneontolidmttd geologic deposits, toil*, »nd pUnt uA

F105

[Explanation of cohusn head Ins*: Study No. refers to study described In text; Mthod of snalysls (la
parentheses) refers to Mthod listed SB table 1. Ratio, nuaber of saaples in which the eleMnt wes
found in Masnrable concentrations to nuaber of saaples analysed. Mean, geoMtric Man. Deviation,
geooetric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure coluon indicate no data available]

Saople, and collection locality

Study
Mo. and
Mthod of ftatio
analysis

Mean Devia- Error
(PDV) tion

Observed
range
(torn)

KOCKS

Granite

thyolite

1 (1)

1 (1)

25:30

28:30

75 1.33 1.17

77 1.31 1.17

<70 • 150

<70 - 150

WCONSQLIDATB) GE0LOG 1C DKP08 ZT8

Loess
13 (1) 5:24 <50 <30 • 70

SOILS

Cultivated

Plow cone, pasture field; Missouri

Oak*hiekory Forest— ••—••..»•••».

- Surface horizon; Missouri——————

Uncultivated

B horizon; Missouri

Cultivated and uncultivated

14 (1)
15 (1)

17 (1)
17 (1)

16 (1)

14 (1)
15 (1)

V* (1)
15 (1)

20 (1)
20 (1)

22 (1)

3:30
2:30

1:10
1:10

739:1,140

4:30
2:30

2:30
6:30

27:50
30:50

65:168

<70
<70

<70
<70

63 1.17

9.2 4.85
<70

<70
28 2.33

60 1.21
61 1.18

47 1.73

<70 - 150
<70 - 300

<70 • 70
<70 - 70

<70 - 150

<70 - 300
<70 • 150

<70 - 150
<70 - 150

<70 - 70
<70 - 70

<70 - 300

PLANT ASH

Cultivsted plants

MEoonaim
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I gmbgk Itporiu. wilt, mtd

U (1)
U d)
is a>

3:2S 00
00

3:27

<70
<70
•00

200
ISO
200

•u

IM; Colocaic

1 O)

1 (D

2 (2)

1:30

1:30

30:10 1.2 5.44 O. -

Oalud SUM*- 3 (2) 2St:400 3.0 2.64 1.45

7

3

24

48
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TABU 33.—-Nickel in rocks, vnconialidittd geologic dtporiu, toils, end plant «tk—Continued

F107

tit*

Study
No. and

Sample, and collection locality method o
analva ia

ROCK

Sand stone — Cont lotted

Pennsylvania*; Missouri, Kansas, and

Chert
Mississippian; Missouri, Oklahoma,

Shale
Sauk sequence; Western United States- 3 <2)

Upper Mississippian; Kantucky— — — 5 (2)
Mississippian; Missouri, Oklahoma,

Pannsylvanian; Missouri, Kansas, and

Black shale
Devonian aad Mississippian; Kentucky- 9 (2)

Limestone aad dolomite
Sauk sequence; Western United States- 3 (2)
Sauk sequence; Missouri aad Arkanaas- 4 (1)

Mississippian; Missouri, Oklahoma,

Pannsylvanian; Missouri, Kansas, and

Siderite

T«r mem TTu-n

Carbonate residuum (terra roasa)
On Gasconade Formation; Miasouri— — 12 (1)
On Roubidoux Formation; Miasouri—— 12 (1)
On Jefferson City, Cotter, aad Fovell

Formations; Missouri aad Arkansas— 12 (1)
On Osagean rocks; Missouri— — — — 12 (1)

f Ratio

1*19
1 1 f. . i 9n
1 A7. 1 K9

9A.19

330:336
7H.7A

142:142

1 AO* 1 *J9my 1 1^2

19*19

88:88

236:392
2:48

1.19Iil2
7jc .119191 112
M.I K9:oz

75 iO

1 7.19i/: jz

26.30

HI GEOLOffTC

24:24
24:24

24:24
24:24

Mean
room)

9 Z

lit

26

39

mJU

•>•

110

6.4
<5

7 A

6 A

2 *

* 1

DEPOSITS

24
17

20
23
9O

Devia-
tion

I a*
1 01

X «9

1.70
I ftl

1.45

2 3*4
1 7^• /l

1 W>

2.04

1.99

I s(7

2 ft*• UJ

I ae•yd

2 A1

I on

2 9A

1 JLO

1.72
1.87

1.47
1.46
1 71

Error

1 «A

1 <ti

I Ai

1.07

1 99• 22
1 1C

1 92

1.09

1.23

1 9.9

1 9,7

\ «Q

I no
1 4V

I no

1.32
1.32

1.32
1.32
1 19

. Observi
raag<
(0M'

^
^

<7 -
n «

13 -

W
_

W .

13 •

<7 -rfin _

^0
^o

^< >

^in •

15 -
10 -

15 -
10 -

•d
i
)

no

74
970

85

420

41
7

inn

150
150

50
50

inn

Of Swam aad Willman (1961). •XCKEL



F108 STATISTICAL STUDIES IN FOLD GEOCHEMISTRY

I yotofif ttpotiu, toUt, m

Obwrrad

•li 13 a> 24:24 22 1.03 — U -

OMtlil

MM
r«n

tuui

rcfttria-

ll«v MM. MJMM fl*14;
fWMt——•

VMMK
PUv fiali;

Iteicli

i; Ml •MM!.'

MBd

14 (1)
u a>
17 (1)
17 (1)
17 a)
17 a)
17 a>
17 (1)17 a)17 a)
17 a>
17 (1)
17 (1)
17 a>

25 (1)

u a>
U <1>
It (2)
19 (2)

u a>is a)
H (2)

11:30
30:30

•it
10:10
9:10
9:10

9:10
10:10
*:•
9:9

10:10
10:10
9:10
9:10

1.1
U

•.4
14
10
11

9.1
U
t.4

11

10
14
9.7

13

1C (1) 1.131:1,140 14

4*:4f

•:30
29:30
M:9»

10t:UM

29:30
H:9f

50:50
50:50
49:50.
49:50
47:50
47:50

It: 30
30:30
9f:9«

13

14
13
13

17
20

23
20
23
12
i.l

4.4
21
20

4.02
1.70

2.3*
1.S1
1.9i
2.1*

1.C7
1.40
2.44
1.00

1.53
1.23
1.77
2.01

1.59

1.40

.10

^49

.95

.42

.45

.49

.31

.75

.30

.45

.4*

1.23
1.23
1.23
1.23

1.23
1.23
1.23
1.23

1.23
1.23
1.23
1.23

1.24

1.23

1.03
1.09

1.03

<3
5

7 -

10
«
5

5
10

20
50

20
30
20
30

15
30
20
30

15
20
20
30

70

*
5

9 -

7 -
IS -

1.2*
1.2*
1.2*

1.03
3
6

50
70
31
40

50
47

SO
70
70

300
50
30

20
50

110
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TABLE S3.—Niektl in rock*, uneoiuolidmted geologic depotitt, toili, *nd flint «A—Continued

F109

Sanpl*. and collection locality

Study
Ho. and
Mthod of tatio
analysis

Mean
(DIM)

Devia-
tion

Error
Observed

ran**
foe*)

SOILS --Continued

Cultivated and uncultivated
22 (1)

21 (1)
21 (1)

126:168

317:371
482:492

7.9

13
16

2.32

2.60
2.0)

1.28 <S -

<3 -
<3 -

30

700
700

fLAHt ASH

Cultivated plants
Asparagus; Wisconsin——————

Corn; Missouri

Onion; Wisconsin— ••-•———-*-•—
Pepper, aveet; Wisconsin-* •— — *-• —

Soybean; Miaaourl

Unflaclated Prairie*—— •»»•.•«••.

Native special

Black cherry, leaves; Georgia—

23 (1)
14 (1)
15 (1)
1* (1)
15 <1>

23 (1)
14 (1)
15 <1>
15 (1)

23 (1)
23 (1)
14 (1)
15 (1)

17 (1)
17 (1)
17 (1)
17 (1)

23 (1)
23 (1)
23 (1)
23 (1)
23 (1)

17 (1)
17 (1)
17 (1)
17 (1)

14 (1)
15 (1)
14 (1)
15 (1)

14 (1)
15 (I)

3:6
30:30
15:15
28:30
28:30

2:3
29:29
3:4
5:30

9:11
5:8

14:29
16:30

7:8
10:10
10:10
10:10

24:27
3:4
4:7
4:4
8:10

10:10
10:10
8:8
9:9

22:30
21:30
30:30
29:30

29:30
29:30

5.8
19
21
15
17

10
18
17
3

12
6.5
2.7
5.8

12
23
32
28

14
16
6.2 '

29
12

130
94

110
87

6.2
5.8

14
16

31
60

2.00
1.93
2.17
2.27
2.37

2.22
1.60
2.74
1.87

2.04
1.64
3.22
1.51

1.95
2.04
1.73
2.03

1.94
2.88
1.77
2.76
1.92

2.62
1.50
1.50
1.71

2.94
3.02
1.65
2.24

2.24
2.91

• *»

• V

»•»

•»•

«••>

mm

• •»

1.52
1.52
1.52
1.52

•»•»

mm

1.52
1.52
1.52
1.52

• •

mm

<3 -
7 •
7 •

<S -
<* -

<5 -
7 -

<S -
«3 •

« -
« •
<5 -
« -

^ -5 •
20 -

7 •

<5 -
<5 •
<5 -
5 •

<5 -

30 -
50 •
70 -
50 -

<5 '
<5 •

7 -
«3 -

<5 -
<S -

15
70
70

100
70

20
50
30
30

30
15
30
15

30
70
70
50

50
50
15
70
30

500
200
200
200

50
50
30
70

150
500

NICKEL
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fMtogif atjehu. toil*, m

locality

•20 a>
Olaaa«

Oak. Mack; B

Oak. «Blca; Caacackr-

Oak. vtllav;
W

laavaa; ta

«aa.
ranac. MU

Oak-aickacy-*i

It (1)
19 (2)
IB (1)
ltd)
1* CD

U (1)
19 (?)

20 a)» a)
» a>
U(l)
IS (1)
U O)u a>
20 a>

Mi 30
29x30

47x47
41l4t
49x49
49x49
41i41

41x30
9x9

10x10
9x10

10x10
4x4

44x44
•tM
40x40
20xM

19x19
7x7

25x30
27x30
Ux30
20x30

23x23
22x22
4»xSO
21x21
•si

49x49
73x73

30i30
49x4*

44:44
30x30
30x30
30x30
30x30

49x49

42
120

12
12
7.3
11
12

3.4
42
•2
7
37
33

100
92
93
n
40
70

7.3
•.ft
4.0
3.0

33
23
•.«
2«
19

28
24

n
20

130
27
43
18
19

30

3.31
3.20

1.51
1.49
1.45
1.49
1.42

2.09
1.47
1.43
••

2.03
1.23

1.91
1.92
1.09
1.94

2.42
2.13

2.24
2.22
3.13
3.13

l.M
2.04
i.n
l.M
1.91

1.0
1.33

«3 - 1,300
<5 - 700

1.3*
1.34
1.34
1.3*
1.34

1.34

.34

.14
34
.14

.34

.34

43

1.77
l.M
2.20
2.23
1.17

1.12

1.22
1.14
1.34
1.22
1.14

1.22
1.14

1.3t
1.34

1.34

7
3
5
3
3

<2
30
30
<7
10
30

30
20
30
30

10
IS

<3
<3
<S

7 -
12 •

10 •

10
10

3
7

30
5
10
7
7

30
20
30
30
30

70
100
200
50
100
50

500
380
300
240

200
150

30
SO
30
50

70
200
30
150
42

200
87

70
70

300
100
ISO
300
70

1.34 15 - 200
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TAILE 17.—Chromium in rocks, uneonsoliduled geologic deposits, soils, and plimt ash—Continued

F53

Sample, and collection locality

Study
Mo. and
method of
analysis

Ratio
loom)

Devia-
tion

ROCKS — Continued

Shale— Continued
Pennsylvanian; Missouri, Kansas, sad

Black' shale
Devonian and Mississippian; Kentucky-

LlMstone and dolomite
Sauk sequence; Western United States-
Sauk sequence; Missouri and Arkansas-
Upper Ordovician; Kentucky——
Tippecanoe sequence; "Missouri— —

Uppar Mississippi*!.; Isntucky— •— — -
Miasisaippiaa; Missouri, Oklahoma,

Paansylvaniaa; Missouri, Kansas, aad

Siderite
Upper Paleozoic; Kentucky————

6

9

3
4
5

10
5
5

7
5

6

11

(1)

(2)

(2)
(1)
(1)
(1)
(1)
(1)

(1)
(1)

(1)

(I)

32:32

88:88

308:392
48:48
80:80
11:12

112:112
152:152

80:80

30:30

OHCOR$OStH^a,TaB fiKO^-^srTC

Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri—

On Jefferson City, Cotter aad Powell
Format ions; Missouri and Arkansas—

Loess

12
12

12
12

13

(1)

(1)
(1)

(1)

24:24

24:24
24:24

24:24

95

84

11
3.6

11
2.7

19
17

9.4

16

21

DEPOSITS

57
54

70
95

1.26

1.38

2.87
2.09
1.82
2.60
2.33
1.82

3.27
1.78

2.09

1.76

1
1

1
1

1

.39

.26

.27

.16

Error

i

1.18

1.06

1.16
1.29
1.39
1.29
1.33
1.37

1.29
1.33

1.29

1
1

1
1

.18

.18

.18

.18

Observed
range
fppm)

70 -

46 -

<S -
1 -
2 -

5 -
2 -

10 -

7 -

10 -

30 -
20 -

50 -
70 -

50 -

150

190

150
20
30
IS

150
70

70

70

70

100
100

100

100

SOILS

Cultivated
Plow cone, garden; Georgia-——-

Plow tone, corn field; Miaeoori
Floodplaia Forest————-
Glaciated frnirie— -— — —
Unglaciated Fwlrie— — — -
Oak-hickory fotnst— — — — —

14
14

17
17
17
17

(I)
(1)

(1)
(I)
(1)
(1)

30:30
30:30

8:8
10:10
10:10
10:10

15
48

43
70
63
66

2
1

1
1
1
1

.00

.62

.56

.18

.18

.24

1
1
1
1

mm

.13

.13

.13

.13

7 -
15 -

20 -
50 -
50 -
50 -

150
150

70
100
70

100

CHROMIUM
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t gfologic drponli. toil*, mrf

IM locality

17 (1)
17 (1)
17 <l)
17 a)

25 a>
14 a>
15 (1)
11 (2)19 a>
1* (1)
IS (1)
!*<*>

20 (1)
20 (1)
20 a>20 a>
20 CD

1* O)
U (1)
u 0)

(1)

10:10
10:10

9:9

10:10
10:10
10:10
10:10

40
*3
•7
«5

39
43
39
70

1* a) 1.140:1.140 54

1.77

.13

.10

.10

.19
1.20

1.44

4t*4t

30:30
30i30
9C:9ft

100:100

30s 30
30:30
9*:M

50:50
50:50
50:50
50:50
50:50
50:50

30s 30
30:30
9t:9*

IMslM

371:371
492:492

11
41
M

11
44
7«

42
43
30

1*
47
70

31

30

•79
.31
.29

n
.03
.30

.15

.23

.31

.45

.•7

.5f

.45

2.07

2.52
2.1*

.13

.13

.13

.13

.13

.13
1.13
1.13

1.27

1.20

1.07
1.15

1.07

1.24
1.24
1.24
1.24
1.24
1.24

1.07

1.20

15 -
50 •
50 -
50 -

20 -
50 -
50 -
50 -

100
70
70
70

70
70
70

100

10 - 150

20 - 100

3
30
2*
29

3
15
37

7
SO
30
20
20
10

3
10
20

100
100
140
140

50
150
170

70
100
100

70
100

70

50
100
170

7 - 04

1 - 100
3 • 1.500

23 (1)
14(1)
15 (1)

5:5
4:30
0:13

t.t
.42

1.15
3.53

5 -
<2 -

7
7

50
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TABLE 17.—Chromium in rocks, uneoniolidated geologic deposits, soils, »nd plant «A—Continued

F55

Sample, end collection locality

Study
Mo. and
•ethod of Ratio
analysis

Mean Devia-
tion

Krror
Observed
range
fp.am)

PIAMT ASU--Contivied

Cultivated plants—Continued

Corn; Wisconsin— • •

Onion; Wisconsin — —
Pepper, sweet; Wisconsin—

«M /** «•• 4 m

14 (1)
13 (1)
14 (1)
15 (1)
23 (1)

23 (1)
14 (1)
15 (1)
17 (I)

.. 23 (1)

23 (1)
23 (1)
23 (1)
23 (1)

15 (1)

Native specie*
Black cherry, staats; Georgia—

Black cherry, leaves; Georgia——

Blackgua, stems; Georgia—

Blackgua* leaves; Georgia———

Buckbush; Missouri
Glaciated prairie————
Unglaeiated Prairie——«——•
Cedar Clade—»•—————•
Oak-hickory Forest———-—
Oak-hickorypine Forest——.

Cedar, Missouri
Cedar Clade——• — ——.
Glaciated Preiria-—•-———»
Unglaeiated Prairie————
Cedar Glade———•••—
Oak-hickory Forest—— ——
Oak-hickory-plae Forest———

Hickory, p leant; Ken tacky———
Hickory, shagbcrk; Kentucky——-

Hickory, shagbark; Miseouri
Oak-hickory Forest———-
Oak-hickory-eln* Forest———'

1* (1)
15 (1)
14 (1)
15 (1)

14 (1)
15 (1)
14 (1)
15 (1)

20 (I)
20 (1)
20 (1)
20 (I)
20 (I)

20 (1)
24 (1)
24 (1)
24 (I)
24 (1)
24 (1)

18 (1)
1« (1)
19 (2)

20 (1)
20 (1)

12:29
1:4

20:28
26:30
3:11

2:8
9:29

10:30
2:8

11:27

2:4
3:7
4:4
5:10

19:30
5:30

29:30
28:30
28,30
28:30

30:30
30:30
29:30
30:30

47:47
48:48
49:49
49:49
41:41

50:50
9:9

10:10
10:10
10:10
6:6

64:64
40:40
15:20

17:19
6:7

<2
<2
2.2
5.7

<a

<2
<2
1.4

<t
1.5

1.8
1.6
4.2
1.7
2.4

<2

5.0
6.1
3.7
5.1

7.8
7.9
6.4

10

20
22
14
21
19

7.5
15
12

.9

.8

.3

.0

.1
11

2.9
2.9

1.66
2.61

1.83

2.24

1.11
2.20
1.52
3.73
2.54

1.69
1.99
1.83
1.92

2.37
1.70
2.13
2.00

1.52
1.49
1.38
1.57
1.72

1.76
1.62
1.73
1.93
1.81
2.36

1.86
1.72
1.32

1.83
1.92

<2
<a
<2
<3
<2

<2
<2
3

<2
<3
<2

1.51
1.31
1.51
1.51
1.51

1.51

1.52
1.52
1.26

1.51
1.51

30
2
7

30
15

10
5
5
5
7

2
5
7

10
15
5

<2 -
< -
<2 '
<3 -

2 •
3 -

<3 -
3 -

7 -
10 -
7 -
10 -
7 -

—

-.
.
•

2 -

2 -
2 -

•CO •

<2 -
<a -

15
15
30
15

100
15
70
50

50
50
30
70
50

30
30
30
15
20
20

50
30
21

10
7

CHtOMDM
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tatte. Mi c«ll»cclM locality

13:25
4s22

49:90
2t:2t
2:1

Oak. ni; Mamrfcy

a*. •WOT;
4it44
2t:30
27:30
27:30
29:30

49:49
14:17
27:27
17:17
27:27

30:30
30:30
27:30

37:41
40:90
Mi49
31:49
40:90
43:49

2ti2S
27:27
2ls2t
27:27
47:47



GEOCHEMISTRY OF SOME ROCio. SOILS. AND PLANTS IN THE UNITED STATES ha,

TABLE IS.— Cobalt in rocks, uncoruolidattd geologic depotiu, toils, and flmnt ash

[Explanation of column headings: Study Ho. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found la measurable concentrations to number of samples analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Saaple, and collection locality

Study
Mo. and
method of Ratio
analysis

Mean
(ppm)

Devia-
tion

Error
Observed

range
(DIM)

ROCKS

Granite

Rhyolite

Arkose

Sandstone
Seuk sequence; Western United States-
Roubidoux Formation; Missouri—
Pope Megagroup;1 Kentucky-———

Pennsylvanian; Missouri, Kansas, and

1

2

3
4
5
5

6

(1)

(2)

(1)
(2)
(2)

(1)

8* tn• JU

5:30

6:80

281:400
1:12

43:120
85:152

29:32

<3

1
<3
1
2

7

.6

.9

.4

.4

2

2
2

2

.76

..

.87

.98

.71

mm

1.59
..

1.34
1.33

1.27

<3

<3
<3

^
<3

_ 7• /

5

9

20
3

14
15

15

Shale
Sauk sequence; Western United States-
Lover Mississippian; Kentucky-——
Upper Mississippian; Kentucky———
Mississippian; Missouri, Oklahoma,

and Arkansas————
Pennsylvanian; Kentucky——
Pennsylvanian; Missouri, Kansas, and

3
8
5

7
5

6

(2)
(2)
(2)

(1)
(2)

(1)

275:336
60:76

112:142

18:18
100:152

32:32

13
9

11

4
9

12

.5

.8

.0

1
1
1

1
2

1

.69

.67

.83

.91

.17

.67

1.17
..
..

1.26
1.31

1.26

<8
4
<8

2
<8

2

65
30
51

15
71

20

Black shale
Devonian and Mississippian; Keatucky- 9 (2) 52:88 8.1 3.31 1.20 <8 57

Limestone and dolomite
Sauk sequence; Western United States-
Sauk sequence; Missouri and Arkansas-
Upper Ordovicien; Kentucky——-
Tlppecanoe sequence; Missouri——
Lower Mississippian; Kentucky——
Upper Mississippian; Kentucky——
Mississipplaa; Missouri, Oklahoma,

and Arkansas—— — « —•--•-• .....
Pen&sylveniaa; Kentucky———
Pennsylvaalam; Nlasourl, Kansas, and

Oklahoma ......... ......... .........

3
4
5

10
5
5

7
5

6

(2)
(1)
(1)
(1)
(1)
(1)

(1)
CD

(1)

4:392
4:48

12:80
1:12

19:112
8:152

2:40
54t 80

12:32

<20
<3
3

<3
3

<7

0
7

1

.3

.6

.1

.3

1

1

..
••
.63
mm

.39
-.

~
1.61

3.34

-.
««
..
..
-«
«.

-.
1.20

—

<20
O
<7
<3
<7
<7

<3
<7

<3

23
5

10
3

10
10

5
30

7

Siderite

i

Upper Paleozoic; Kentucky——

Of Svann and Wlllaaa (1961).

11 (1) 14:30 5.5 1.90 <7 15

COBALT
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m me*. HMVMriUMrf ftologic Itponu. wife. «rf

i, ••§ cvllcctlfla locality of Utto
(MM)

BcvU- Crrer
Obwmd

U a)

I9s24
17:24

20*24
14s24
21:24

24:24

7.
3

ft.
S.
*.

.1*

.52

.70

.10
07

1.17
1.17

1.17
1.17
1.17

9.9 1.29 —

O
O

<3
O
<3

7 -

50
U

20
20
30

U

FlfffMM.

riff

» v^v

fta!4;

OlactoMi mirte~
talrii

ru*

ru* CtoU;

Ol«ci«f«< tairifr—
talrftM

1* (1)
U O)

W 0)
17 (1)
17 CD
17 (1)

17 (1)
U (1)
17 (I)

n a)
17 (1)
17 O)
17 (1)

4:30
21i30

10s 10
lOtlO
10s 10

Is 10
lOilO
7:t
»tf

10s 10
10s 10
lOslO
10:10

1.3

3.2
•.1
9.7
§.7

3.*
10
10
7.7

t.O
t.7
t.S

2.M
1.M

1.51
1.2J
i.n
1.41

1.44
1.41
2.31
1.42

1.42
1.46

1.20

1.20

1.20
I JO
100

U (1) l.Ufsl.140 10

1.40

1.30

100
1.20
1OO

1O7

3
5
3

5 -
•« -
5 -

5 -
3 -
3 -
5 -

10
30

10
10
M
13

10
IS
30
15

15
20
15
IS

_ _ .

IS (1)

1* (2)

IS (1)

•«:••
4:»

20s30
9fs9*

104:100

4s 30
29s 30
9tsM

•.«
1.5
9.1

10
10

1.0
10
1.4

i.J»
3.00
1.74
1.4S
i.n

lift
1.39

ft.wy

1.09
1.U

1.09

4 -
•O -

« -

2 •

AW

10
30
27
33

10
30
17
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TAIL* \S.—Co!>nll in rocks, tntconsolidated geologic deposits, soils, end pl*nt ash—Continued

F59

lull

Sample, and collection locality

Study
Mo. and
•ethod of
analysis

Batio Mean
(ooert

Devia-
tion

Error
Observed

rente
(DDB)

SOH5--Contliuied

Uncul t ivated — Cont laued
B horizon; Missouri

Ploodplaln Forest— — — — — — —

UngUeUtftd pniria-*- — — — ~ —

Oak-hickory-pin* Vdnst-** — — —

Cultivated and uncultivated
Surface horizon; Colorado—-——

B horizon; Eastern United States--—-

20 (1)
20 (1)
20 (1)
20 (1)
20 (I)
20 (1)

W (1)
15 (1)
18 (2)

22 (1)

21 (1)
21 (1)

50:50
50:50
50:50
50:50
49:50
50:50

7:30
11:30
95:96

109:168

286:371
445:492

8.3
11
14
9.5

10
9.5

1.9
11
7.6

5

7
8

1.72
1.55
1.83
1.48
1.71
1.89

2.60
1.64
1.61

1.66

2.55
2.01

.29

.29

.29

.29

.29

.29

1.09

1.15

mm

3 -
3 -
3
S -

o -
3 -

<3 •
<3 -
<3. '

<3 -

0 •
•O -

30
30
50
30
30
50

10
30
37

10

70
50

PLANT ASH

Cultivated plants

Bean, snap ; ceo I 8 IM •••-i— ••••••»• •— ••

B lackeyed pea; Georgia— — — •— —

Cabbage; Georgia— ——————— —Com; Missouri
Floodplaln Forest— --•——— —

Oak-hickory Forest— — — — — —
Soybean ; Missouri

Floodplaln forest— — — — — —
Glaciated Prairie——————
Unglaciated Prairie—- — —- — - —
Oak-hickory Forast— - — — — — —

Native species
Black cherry, steau; Georgia— — —

BlackgiM, steau; Georgia-— — — —

Blackfu*, leaves; Ceorsia— — — — —

14 (1)
15 (1)
1* (1)
15 (1)

1* (1)
15 (1)

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)
15 (I)

1* (1)
15 (1)

1* (1)
15 (1)
1* (1)
15 (1)

1:29
5:15
6:30

15:30

1:29
1:30

3:8
5:10
3:7
2:10

7:10
8:10
6t8
8:9
1:30

5:30
9:30

28:30
27:30
27:30
27:30

<7
4.6
2.4
6.2

<7
<7

<1
1.0
.50

<l

1.0
2.0
2.1
2.1

<7

<7
3.7

120
190
290
400

1.6)
2.79
3.31

•e»

4.06
• •

2.97
3.75
2.39

2.39

3.54
6.14
5.83
7.67

e»e»

••

1.24

1.24
1.24
1.24

••

e»a*

<7 •
<7 -
<7 •
<7 -

<7 -
<7 •

<l -
<l •
<l -
<l -

<1 •
< -
< -
<1 •
<7 -

<7 •
<7 -

<7 - 1.
<7 - 1.
<7 • 3,
<7 - 10,

10
10
15
70

10
10

1
9
5
2

6
8

13
12

7

100
20

500
500
000
000

COBatt
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fwfafir ttfonlt. tutit, f»d

Oak. «htt«;

^^_^^^ «^^^^_^^^^^^^_ ^^^_^

Oak. will**; ll>«ifUI«

11 (1)
i» (2)

20 (3)
20 (3)

*7t47
47:4*
50sSO
4ft49
41|41

45:50
7:9
3ilO
2:10
1:*

38:44
72iM
3ts40
14:20

Its 19
7:7
Il30

19:23
7:22

30tSO
11:21
2:t

22s49
lit 73

43s30
47:49

44:4*
3:30
7:30
3:30

49:49

43:43
1*27

23:41
11:30
23:49
1*:4»
33:30
30:49

4.0
4.8
4.4
4.7
3.4

1.2
4.3
2.1
1.9

«3

U
23
21
21

3.9
7.4

<7

•.1
11

.93
7.7

3.7
<7

2.0
2.7

.93
<7
2.2

<7

9.7

2.0
<7

.73

.43

.71

.71
1.1
.97

1.43
1.7*
.42
M

.91

.90

.M

.43

.47

.70

.33

.01

.07

.93

.71

.07

.97
2.20

2.02

2.09
2.20

L.97

3.43

1.73

1.74

2.08
1.M
2.10
1.42
1.73
2.17

1.41
1.41
1.41
1.41
1.41

2 -
<1 •
2 -
2 •
2 •

1.24
1.09
1.24
L.09

1.41
1.41

1.20
1.09
1.41
1.20

1.20

1.41
1.41

1.41

1.41

1.41
1.41
1.41
1.41
1.41
1.41

<7
•OS
<7

2 -
<7 -

<7 -

<7
<3

<7
<7

<7 -
<7 -
<7 -

2 -

1 -
<7 -

•a -

8
18
12
20
30

4
13
13

7
10

130
110
130
100

1*
16
10

20
37
4

30
13

70
37

9
12

12
1.000

30
2,000

13

7
3
4
2
3
7



GEOCHEMISTRY OF SOME ROCKS, SOILS. AND PLANTS IN THE UNITED STATES

TAIU 18.—Cobtlt in rocks, uncomolidaled geologic deposit*, toils, **d pltnt MA—Continued
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Study
Ho. aad

Sample, sad collection locality Mthod of Ratio
analysis

Meea Devia- Error
(DM) tiea

Observed
range
f DDB)

PLANT ASH -Continued

Nstive species— Continued

15 (1) 3:27

Sweetgum; Floodplain Forest, Missouri 20 (3) 37:47

2.0 3.72
2.5 1.92

<7
1.5 2.36 1.41

<7 - 30
<7 - 10
<7 - 7
<1 - 11

TAIL* 19.— Copper in rocks, unconsolidtted geologic deposit*, soils, tail pisnl ata

[Explanation of coluM headings: Study Mo. refers to study described ia east; Mtfaod of aaalysis (ia
parentheses) refers to Mthod listed ia table 1. Ratio, number of saaplas la mica the eleaaat was
found ia measurable concentrations to number of saaplas analyzed. Mean, geoMtrlc swan. Deviation,
geoaetrie deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) la
figure column indicate no data available]

Study
Mo. aad

Sample, and collection locality Mthod of Ratio
•ma lysis

Maaa Devia- Error
(DM) tioa

Observed
raage
(DM)

fjQCM
Granite

Rhyolite

Arkose

Sands ton*
Sftuk sequence; Western United States- 3 (2) 380:400

Pennsylvaniaa; Missouri, KaaMs, and

Chert
Mlssisslpplaa; Missouri, Oklahostt,

Sbele
Sauk •eoueace; Bestera United States- 3 (2) 305:336

Upper Mlssissippian; leatucky— — — 5 (2) 137:142
Mississippiaa; Missouri, OklahOM,

* Of Svaan and Uillaaa (1961).

2.2 1.98 1.18

1.6 2.18 1.18

8.1 1.70 1.36

5.0 2.76 1.79
1.2 2.14 1.23
8.0 1.75 1.30
7.7 1.5.9 1.27

8.4 2.52 1.23

l.i 2.02 1.23

14 2.75 1.12
14 2.04
16 1.94

13 2.83 1.23

<1 - 10

<1 - 7

2 - 26

< - 210
<l - 5
3 - 4 7
1 - 2 7

1.5 - 30

<l - 5

<3 - 98
<3 - 55
<* - 60

5 - 1 0 0

COBALT, COFFER
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1.42

O>

U

302:3*2
39s4l
TtsM
4:12

IMxlU
120:132

20:40
•9:09

Us 32

90(30

2.3 4.33
2.0 2.S3
5.3 1.70
.04 3.31
4.0 2.09
2.* 1.90

.05 2.04
12 1.77

3.5 2.14

1.04

1.40
1.30
1.34
1.30
1.5*
1.47

1.30
1.2*

1.30

25

•d

12 l.*2 —

2 •

1.5 •

2 •

- 4 0 0

94
20
20
5

70
15

7
SO

15

50

U (1)
U CD

24(24
24:24

24x24
24:24
24s24

3*
n
22
U
17

2.04

1.40
1.30
1.3*

1.1S
1.10

1.1*
1.10
1.10

IS
7

10
15
10

100
150

50
30
30

Mil U (1) 24*24 10 i.n — 10 •

30i30
30i30

OtO
10s 10
10:10
10:10

10110
10:10
Oil
•if

*.*
3»

11
U
14
It

12
1*
14
1*

1.0
2.01

1.41
U33
US1

1.53
1.13
1J4

1.1*
1.14
1.14
1.14

1.14
1.14
1.14

2
IS

3
10
10
10

5
IS
10
10

so
700

20
30
20
50

20
20
20
20
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TABU 19.—Copper in rocks, uneonsolid*ted geologic deposits, soils, end plfnl ush—Continued

F6S

Saapla, and collection locality

Cultivated— Continued
Flow zone, pasture field; Missouri

' -iy
•ad

w.-.-od Of
arr.lvsls

gftTTJB ••

— i* m i.

Ratio

Continue)

10:10
10:10
10:10
10:10

140:1. \U.

Mean
fDDB)

1

12
18
16
16

) 13

Devia-
tion

1.54
1.16
1.23
1.25

1.55

Error

1.14
1.14
1.14
1.14

1.28

Observed
range
(DOM)

7 -
IS -
10 -
10 •

5 • :

20
20
20

ISO

Dneultivatad
Surface horizon; Powder liver Basin.

B horixon; 6eorfia~~---"-"-""--~-»

B horizon; Kentucky— ——•—«——
B horixon; Missouri

Ploodplaia Forest— —•——«——

Unglaciated Prairie— — — •— —

Oak-hiekoTy*piM Vomst*** — • — —

Cultivated and uncultivated
Surface horixon; Colorado—————

B horixon; Eastern United States—

a {i>

1* (6)
15 (6)
18 (2)
1» (2)

I* (6)
13 <«)
18 (2)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

U (6)
•15 (6)
18 (2)

22 (1)

21 (6)
21 (6)

<f«i«e

30:30
30 1 30
96:96

108:108

30:30
30:30
96:96

50:50
50:30
50:50
50:50
50:50
50:50

30:30
30:30
96:96

168:168

361:371
492:492

i«

8.7
26
13
12

8.8
29
20

15
23
18
17
13
12

11
33
19

13

14
21

A.OJ

1.77
1.72
1.40
1.32

1.77
1.80
1.51

.99

.6*

.63

.94

.99
1.88

2.04
1.88
1.63

2.17

2.54
2.00

*«u

1.05
1.10

e»e»

• •

1.05

1.54
1.54
1.54
1.54
1.54
1.54

• e>

1.05

1.31

J -

3 -
15 -

7 -
6 •

3 •
15 -
8 •

3 •
10 -

7 •
7 •
3 •
5 -

3 -
10 -
3 -

3 -

<l •
2 -

JW

50
100
42
26

50
100
100

100
70
50

100
70
70

50
100
300

100

150
300

fl/HT **•

Cultivated plants
Asparagus; Wifeouia— — ~— «.—
Bean, liaw; 0*ec«ia— — — — — —

Bean, ana*; Ce*nia— — ——«—«-«

Blaekeyed pea; Ceortia— •—— —

23 (6)
1* (6)
15 («)
1* («)
15 («)

23 (6)
14 (6)

5:5
30:30
15:15
30:30
30:30

3:3
29:29

93
93
94
85

110

73
96

1.34
1.29
1.34
1.47
1.40

1.74
1.37

••

• •

70 -
70 -
70 •
30 •
70 •

40 •
70 -

150
150
150
200
300

120
150

coma
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I t^Qfc Iffotiu. H*U, tad flan t

£•••1*. 4Bol •^UAfifeifo* l^eallEw
^^^^^ • *P ^̂ ^™ ^̂ ^̂ ^̂ ^̂ »̂ ^̂ » VM^^VH^

14 (4) 20:20 22 1.57 — 1 0 - 7 0
19 (4) 30:30 21 2.04 — 1 0 - 3 0 0
23 (4) 11:11 29 2.03 — 2 0 - 1 5 0

•:0 110 1.43 — 2 0 - 1 2 0
29:29 100 1.39 — 7 0 - 1 5 0
30:30 94 1.37 — 5 0 - 1 5 0

70 1.30 1.25 5 0 - 1 0 0
10:10 49 1.49 1.25 3 0 - 1 0 0
10:10 94 1.39 1.29 7 0 - 1 5 0
10:10 ft 1.42 1.29 5 0 - 1 5 0
27:27 150 1.37 — 4 0 - 2 2 0

4:4 77 1.30 — CO - 120
7:7 94 1.42 ~ 4 0 - 1 5 0
4:4 90 1.2* — 0 0 - 1 2 0

10:10 94 1.57 — 4 0 - 1 5 0

10:10 170 1.2* 1.29 1 0 0 - 2 0 0
10:10 109 1-2* 1.29 1 0 0 - 2 0 0
•:• 210 1.30 1.29 1 9 0 - 3 0 0
9:9 . 230 1.30 1.29 1 5 0 - 3 0 0

14 (•) 30:30 79 1.40 — 3 0 - 1 5 0
19 (*) 30:30 Of 1.71 — 5 0 - 5 0 0

30:30 170 1.40 — 7 0 - 5 0 0
30:30 10B 1.52 — 100 - 7.000
30:30 77 1.90 — 3 0 - 3 0 0
30:30 *9 1.39 — 3 0 - 1 5 0

30:30 240 l.M — 2 0 - 7 0 0
30:30 279 1.10 — 7 0 - 7 0 0
30:30 130 1.90 — 70 - 2,000
30t30 100 1.37 — 9 0 - 2 0 0

47:47 190 1.41 1.3* 100 - 1.500
40:40 200 1.44 1.3* 1 0 0 - 7 0 0
49:49 1*0 1.32 1.3* 1 0 0 - 3 0 0
49:49 100 1.45 1.3* 1 0 0 - 7 0 0
41:41 1*0 1.40 1.3* 1 0 0 - 5 0 0

20 (1) 90:90 50 1.43 1.3* 2 0 - 2 0 0
24 a) 9:9 110 1.39 — 7 0 - 1 5 0
24 a> 10:10 97 1.32 — 7 0 - 1 5 0
24 a) 10:10 59 1.27 — 5 0 - 1 0 0
24 a) 10:10 44 1.71 — 3 0 - 1 5 0
24 a) *'* 79 1.33 ~ 9 0 - 1 0 0
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TABLE 19.—Copper in rocks, uneonsoliitfled geologic deposits, soils, end pltnt tsh—Continued

F65

Sample, and collection locality

Study
Ho. and
method of latio
analysis

Mean Devia-
tion

Bifor
Observed

rang*
foam)

PLANT ASH— Continued

Native species— Continued

Hickory, aha*>*rk; Missouri

Oak-hiekory-piaa Foraat————

Mapla, rad, laavaa; Caorfia— — *—

Oak, black; Kantueky— —-•————

Oak, vhita; Missouri

Oak-hickory-pine Foreat— — —
Oak. villov; Floodplaia Foraat,

Peraianon, stems; Georgia————

Pine, shortleaf; Oak-hlckory-pine
Foraat, Missouri-— — — — —

Sassafras, stems; Georgia——

Sassafras, leaves; Georgia——-—

Sumac, vinged* stems; Georgia— —

Sumac, winged, leavea; Georgia-

Sumac, smooth ; Miaaoari
Ploodplaim. Yoxeot •••••••••••»•••••••
Glaciated Fnirla— — — — — —

Oak-hickory Foreat— —••——«—
Oek-hlckory-piae Foreat———-

18
19
18
19

20
20

14
IS
14
IS

18
19
20
18
19

18
19

20
20

20

14
IS
14
IS

20
14
15
14
15

14
IS
14
15

20
20
20
20
20
20

(1)
(2)
(1)

(1)
(1)

(6)

(1)
(2)
(1)
(I)
(2)

(2)

(1)
(1)

(I)

(6)

(6)
(6)

(1)
(6)
(6)

(6)

(6)
(6)

CD
(1)
(1)
(1)
(I)
CD

64:64
88:88
40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
28 1 28
8:8

49:49
75J75

50:50
49:49

46:46

29:30
30:30
30:30
30:30

49:49
17:17
27:27
17:17
27:27

30:30
30:30
30:30
30:30

48:48
50:50
49t49
49:49
50:50
49:49

110
98

130
96

90
100

150
150
140
ISO

120
99

130
120
95

130
120

130
140

200

230
2SO

70
64

160
160
170
140
120

160
160
86
84

110
110
100
86 .
89
97

1.54
1.49
1.52
1.33

1.53
1.25

1.27
1.51
1.86
1.45

1.68
1.21
1.49
1.33
1.31

1.31
1.20

1.57
1.34

1.61

2.00
1.59
1.52
1.49

1.44
2.63
1.34
2.21
1.34

1.S6
.49
.47
.44

.40

.41
1.46
1.S8
1.43
1.51

1.17
1.10
1.17
1.10

1.36
1.36

1.23
1.10
1.36
1.23
1.10

1.23
1.10

1.36
1.36

1.36

1.36

1.36
1.36
1.36
1.36
1.36
1.36

SO
46
50
55

50
70

100
70
20
70

70
61
50
70
60

70
60

SO
70

70

100
20
20

50
20

100
SO
70

70
70
30
SO

SO
50
30
30
SO
50

- 500
- 500
• 500
- 160

- 200
- 150

• 300
• 500
•• 300
- 300

- 500
• 150
• 500
• 200
• 120

• 200
• 180

• 300
- 200

• 700

- 2.000
- 700
- 150
• 100

- 500
• 1.500
- 300
• 1.500
. 200

• 500
- 300
• 150
• 200

• 200
- 200
. 150
- 300
• 200
- 300

COPPtt
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aiforiUi mwuttitmrt gtotos* ttpontt. *»li. a* plan

21:21
27:27
2ts2t
27:27
47:47 1.3*

30
SO
70
70
20

• 3.000
• 300
• 2.000
• 200
• 700

locality

Myoltto
ttUooBrl«

QUA

1 (9) 21:30 390 3.39 3.4t 40 • 1.400

29:30 330 2.S7 3.41 40 - 1.400

7 0)

29*32

•:20

32:32

43:41
10:12

27:40

29:32

f.l 4.13

120 4.07

700

•9

*7

31

100

l.M

3.03
3.77

4.01

3.44

1.34 <10 - 90

1.34 <10 • 920

30

2.2S 300 - 1.400

l.«3 <0
1.43 40

1.43 -40

1.43 40

340
620

830

430
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TAILC 20.—Fluunne in rocks, uncoraolidtted gtologic deposits, soil*, md dry plmnts—Continued

F67

Saaple, nd collection locality

Study
Mo. and
method of Ratio
analvsis

UHCONSOLIDATK& GEOLOGIC

Carbonate residuum (terra roaaa)
OD Caaeooada Formation; Missouri— -
On Roubidoux Formation; Missouri-- —
OD Jefferson City, Cottar, and Powell

format loos; Missouri aad Arkansas—

loess

12
12

12
12
12

13

(9)
(9)

(9)
(9)
(9)

(9)

24i24
24:24

24:24
24:24
24:24

24:24

Mean
(oom)

Devia-
tion

Error
Observed

range
(opa)

DEPOSITS

820
770

1.000
700
770

290

1.82
2.09

1.40
1.48
1.42

1.47

1.26
1.26

1.26
1.26
1.26

mm

330
100

500
360
390

150

- 5.900
- 2.800

- 1.800
- 1.900
- 1,800

- 460

SOTLS

Cultivated
Plow COM, com fiald; Missoori

Oak-hickory Forest— «———•-
Flo* Eoaa, soybean fiald; Missouri

Glaciated Prairie— — — — — — —

Oak-hickory Forest-— -•-•——
Plow cone, pasture field; Missouri

Fleodplain Forest——————
Glaciated Prairie— — — —
Oaglaciated Prairie— — — — — -

Uncultivated
B horiion; Missouri

Floodplain Forest— — — —
Glaciated Prairie— — — — —

Oak-hickory Forest— — — — — -—
Oak-hiekory-piaa Forest———

Cultivated aad uncultivated
Surface horiaan; Colorado— — —

B horizon; Hiram Halted States—
B horiioat wsjatarn Oaitad States——

17
17
17
17

17
17
17
17

17
17
17
17

16

20
20
20
20
20
20

22

21
21

(9)
(9)
(9)
(9)

(9)
(9)
(9)
<9>

(9)
(9)
(9)
<9)

(9)

(9)
(9)
(9)
(9)
(9)
(9)

(9)

(9)
(9)

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

1.140:1,140

50:50
50:50
50:50
50:50
50:50
50:50

168:168

374:420
479:491

210
440
220
200

160
360
220
250

170
290
290
240

270

250
480
360
410
190
160

420

120
250

1.82
1.95
1.57
1.56

1.89
1.43
1.63
1.76

1.93
1.60
2.32
1.73

2.22

2.21
1.54
1.71
2.18
2.40
2.66

2.21

4.38
2.66

1.86
1.86
1.86
1.86

1.86
1.86
1.86
1.86

1.86
1.86
1.86
1.86

1.86

2.43
2.43
2.43
2.43
2.43
2.43

1.33

110
240
120
70

70
220
100
110

60
140
140
100

10

30
190
110
40
50
10

40

<10
<ao

- 590
- 2.020
• 520
- 330

- 420
• 890
• 540
• 640

• 580
• 780
• 2,310
- 530

• 6,400

1,900
1.100

950
480

1.800
1,000

• 2,840

- 3,680
- 1.900

FXDOftin
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•***. **mmml**t4 gnlof* Itporta. MtU. a* *j flam Comiumri

Oak.

Oak,

MM.
MU

20 (9)

20 (9)
20 |9)

20 (9)
20 (9)

C9>

ItlO
ItlO
2:10

5:10
5:10
*:•
3:9

11:11
3:3
5:5

13:13
7:7

11:11

3:4

*:*
10:12
10:11

9:11

4:4

7:9
3:1
9:11

10:11
5:9
5:1

11:14

0.5 ~ — 0.5 -

.43 1.12 —

.44 l.M ~

.47 1.07 —

.49 1.04 —

1.4
1.4
1.1
1.4
1.3

1.4

.71
1.1

.5

.71

.77

.14

.5

.5

.5

.74

.5

.5

.44

1.49
2.54
1.79
1.44
1.45

1.5«

1.54
1.49_

1.49

1.72

1.41_

..

—1.47

—
••

1.54

— 1 -~ .5 •
~ .5 •
~ .5 -

— 1 -

— I -

.5 -

.5 -

0.5
.5
.5
.5

.5

.5

3
3
2
3
2

1
2

1
1

1
1
1
2
1
1
1
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TABLE 21.—GfIlium in rocks, uneonsolidfled geologic deposits, toils, tnd plfnt tsh

F69

[Explanation of column headings: Study Me. rafera to study described la tact; method of analysis (la
parentheses) refers to method listed IB table 1. Ratio, number of samples la vhich the element was
found la measurable concentration* to number of Maples analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (—) la
figure column Indicate no data available]

V

Sample, aad collection locality

Study
Mo. aad
method of Ratio Mesa
etHaal*f fi £g f DDml)

Devia-
tion

Error
Observed

range

ROCKS

Granite

Ihyolite

Arkose

Saadatoae
Sauk sequence; Western United States-

Peaasylvaaiaa; Missouri, Kansas, and

Shale
Sauk sequence; Western United States*
Lower Hlsslsslpplaa; Kentucky— —
Upper Miaaissippiaa; Kentucky——
Mississlppiaa; Missouri, Oklahoma,

Peaasylvaaiaa; Kentucky———
Penasylvaniaa; Missouri, basis, aad

Oklahoma

Black shale
Devonian aad Miasissippian; Kentucky-

Limestone and dolomite
Sauk sequence; Western United Statas-
Sauk sequence; Missouri sad Arkaaaas-
Upper Ordovician; Keatucky— — —
Tippecaaoe sequence; Missouri——
Lower Mlsslaslppian; Kentucky——
Upper Missiasippiaa; Kentucky——
Missis slpplaa; Missouri. Oklahoma,

Pennsylvania*; Keatucky— — -•• — —
Peaaaylvaalaatt Missouri, Kaaaas, and

Oklahoma-— ——————
Siderite

1

1

2

3
5
5

6

3
8
5

7
5

6

9

3
4
5

10
5
5

5

6

(1)

(1)

(2)

(2)
(2)
(2)

(1)

(2)
(2)
(2)

(1)
(2)

(1)

(2)

(2)
(1)
(1)
(1)
(1)
(!)

(1)

(1)

(1)

30:30

30:30

69:80

108:400
13:120
70:152

29:32

306:336
62:76

138:142

18:18
144:152

32:32

87:88

35:392
2:48

12:80
1:12

19:112
11:152

52:80

8:32

'

29

28

7.6

<2
1.5
3.8

10

24
15
22

16
26

30

22

<10
<5
5.4

5̂.6
<10

10

2.2

13

1.11

1.20

1.87

—2.91
2.86

2.06

1.65
1.66
1.38

1.81
1.54

1.45

1.25

••
••

1.49
e»e»

1.50
••

1.71

2.34

1 £JE•oo

1.14

1.14

1.33

—1.08
1.22

1.05

1.13
~
••

1.14
1.11

1.14

1.11

—
—
—
—••

—
1.34

—

2 0 - 3 0

1 5 - 3 0

<3 - 23

<2 - 25
<8 - 13
<5 - 21

«3 - 30

<10 - 48
40 - 30
<LO - 36

7 • 50
<11 - 60

1 5 - 5 0

«35 - 33

«dO • 20
<3 - 7

<ao - is
<5 - 7

40 - 15
40 - 20

4 0 - 2 0

<5 - 10

5

Of Swana aad Willasa (1961). CALL1DM
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g t̂ogic ttpoiiu, totU. ft

•I •••ill,' 13 (1) 24:2* 1* 1.15 ~ 1 5 - 2 0

Fnlrte-

U (1)
15 (1)
!• (2)
1* 9)

U a)u a>
It CZ>

20 (l)
20 a)
20 (1)

•s30
30(30

III
lOtlO
lOllO
10:10

lOllO
lOtlO
III
9:9

lOtlO
10:10
lOilO
10:10

20

12
15
11
12

12
U
11
11

U
15
11
12

l.Tt —

1.111:1.1*0 11

*•!*•
10s30
29s30

MslM

10 1 JO
30i30
94tM

50:50
90:50
50:50

12

15
17
7.J

11

1.9
U
15

12
19
14

1.23
1.21
1.35
1.37

1.3*
1.15
1.2B
1.22

1.23
1.1S
1.21
1.2*

1.49

1.31

3.57
2.32
1.53

2.31
1.9*
1.57

1.53
1.40
1.51

1.19
1.19
1.19
1.19

1.19
1.19
1.19
1.19

1.19
1.19
1.19
1.19

1.22

1.13

1.10
1.15

1.10

1.29
1.29
1.29

•4..S
3

10
10

7
7

7
IS
7

10

10
10

7
10

10
• 50

• 15
• 20
• 15
• 20

• 20
• 20
• 15
• 15

• 15
• 20
• 15
• 15

• 30

7 - 2 0

4.5 • 30
4.5 • 50
<3 - 21

4 0 - 2 3

4.3 - 7
3 - 5 0

<3 - 42

5 - 3 0
7 - 3 0
5 - 3 0



GKOCHKMISTRY OF SOMK ROCKS. SOIUS. AND PLANTS IN THE UNITED STATES

TA»U 21.—G*Uiwn in rocks, uncoiuolitUltd geologic deposits, toils, mnd plmnl tsh—Coniinucd

Saapla, and collection locality

Oncult ivatad ••Coat iauad
B horizon; Miaaoari— Continued

Cultivated and uncultivated
0 « 1 • ^^ A • _. j^.

B horizon; (fasten United Stataa——

Mativa tpeeiee

BUekcaa, laavaa; Georgia———
Buckbuah; Niaaoari

Glaciated Prairie-- — »— — — —
Uttglaciatad prairie— —— — —
Oak-hickory Foraat— •— — —
Oak-hickory-piae Forest— •— — •

Partiaaoa, laavaa; Oeorfia— — — —
Saaaafrai, leavaa; Oeorfia———
Suaac, viafed, leavaa; 0*or»ia—~ —

Study

aathod o:
•"•Waia

9n /i%4V \mj

*w \m/
M f lN\1J

14 (1)
IS (1)
i* a\to .̂i;

99 a*1 \** i*j
n /i\\x/
21 (1)

1

IS fl)
15 (1)

20 (!)
20 (1)
20 (1)
20 (1)

IS (!)
IS (1)
is (i)

C tatio

5 -Continued

47. BQH i iyv
•»ajw"

30:30
Q4 _QJC

* f^ m **

**

lAl.tTflJW4 • ̂  r w

4831492

njart AM

2:30

11:47
9i48
9i49
5s41

1:30
1:27
1:30

Haaa
(BM)

,

8 4•^
5 O.9

3 7. r
29

18

<5

2.8
2.4
2.7
1.5

<3
^^J
e^J

Devia- Error
tlm

1.64 1.29
1 *4 1 90.9^ &.«V

X.9* *.«9

2.21 ••
i!as
1 47 1 10•wr A«AV

I M 1 17• Je> A«e»r

2 (H
o^^ "*

1* 71 **

M ~.
1.54 -
1.73
1.51 ~
2.24

—
.» .•
»• mm

Obeerved
ranee
Cnaa)

^a 9A

•« in^a» * ZU

5* - 70
^ • 4&^^* ^**

5 . V)JV

«^ » 70^* /w

<3 - 70

4 - 200

« • 7
•« • 7
^ - 7
• 0 - 1 0

4 • S
<S • 5
<5 • 5

TABLE B.-GoU m tockt

[Explanation of coluan haadiaaai Study Mo. rafara to atady aaacrikad la casts aathod of analyaia (ia
paranthaaaa) rafara to wthod liatad ia tahla 1. tatio, water of aaanlaa la «hleh (ha aloaaat ma
fooad in aaaanrabla aoaeaatratioaa to miatiar of iaaflu aaalyaad. Maarn* fooaatrifi aaaa. Dariatioa,
taoaatrie dariation. Error, «ooaatrie orror attrikvtad to laaoratory aroeadana. Laadira (—) la
firura coloaa iadieata ao data availaala]

Stady
•o. and

Saaala, mt aaUaetiaa locality aatnod of latio Devla- Error

Arkoaa
Fountain roraatian; Colorado———— 2 (•) 80s M 0.26 2.14 2.11 0.04 • 1.6

QAU 60U>
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n Scaay Bo. rafan to acoay aaacriaai la Coze; ••chat of aaalysis (la
llato* ta ukU 1. laclo. aaakor of ••>!•• la which the aloacac «•*

tlaaa co aaakor of aaaplas aaalysof. Maoa. aooaacric aooa OJMOOC chac
aatariak are arickaatle oaoa. Oorlacloa. aiooacrte •cvlacioa oxcoac chac valaos

aacariak aro •Caaaat4 *orlatloa. Error. (Moacrlc error actrtaacai co laboratory pro-
chat valwas oracaM by aatarUk aro •caaaar4 error. Ua<or« (~) la fiaara col

toalcaca ao aata availaala]

Staay

pla. aai eallaatiaa loaallty

•U

Oaii

13 (I) 24:24 1.2 1.S3 1.09 0.20 - 4.7

U <•) 1141114 *4.3 n.«S «0.4i 1.2 - 11

aUacai toalrla-

Ueawy. »l«aat; •k*-

17 (7)
17 (7)
17 (7)
17 (7)

24
24

It

(7)
(7)
(7)
(7)
(7)
(7)

(7)
(7)

•si
10:10
lOtlO
lOilO

lOtlO
10:10

llill
7:7
•si

KsU
10*10

11:11
9i9

10:10
10:10
10:10

Miami- (7)

40:40

4:4

S.4
5.7
5.3

13
13
12
13

4.7
5.4
4.7
5.1
4.*

5.0
5.4
4.4
4.5
4.4
4.3

3.2
3.2

4.2

l.li
1.17
1.22
1.24

1.14
1.14
1.15
1.15

l.il
1.10
l.li
1.13
1.1*

l.lt
1.21
L.12
L.12
1.12
1.23

1.29

12
.12
.12
.12

.12
12

.12

.12

4
5
4
3

10
10
10
10

4
5
4
4
4

4
4

6
7
7

1*
U
14
16

- 10

1.31
1.31

1.12 - - 3



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLA.VTS IN THE UNITED STA1 ES

TAILE 23.—Iodine in unfonsolidmtttl geologic deposits, toils, mnd dry pUnts—Continued

F73

Saapla, and collection locality

Study
•o. and
•athod of
analysis

latlo Mean Devia- Irror
Observed

rant*
(PP")

DRY

Native species-Continued
Oak, black; Kentucky—————
Oak, po»t; Cedar Glade, Missouri-
Oak, red; Kentucky——————
Oak, white; Kantucky———......
Oak, white; Missouri

Oak-hickory Forest———-
Oak-hickory-piae Forest--

Oak, willow; Floodplaln Forest,
Missouri——————

Pine, shortleaf; Oak-hickory-pine
Forest. Missouri——

Sunae, snooth; Missouri
Floodplaia Forest———
Glaciated Prairie———
Unglaeiated Prairie————
Cedar Glade——.......
Oak-hickory Forest——
Oak-hickory-piae Forest——

18 (7)
20 (7)
1« (7)
18 (7)

20 (7)
20 (7)

20 (7)

20 (7)

20 (7)
20 (7)
20 (7)
20 (7)
20 (7)
20 (7)

Sweetpn; noodplain Forest, Missouri 20 (7)

23:25
8:8

28:28
49:49

12:12
11:11

12:12

4:4

9:9
9:9

11:11
11:11
9:9
8:8

14:14

2.8
4.2
3.1
3.3

4.6
4.6

4.6

4.9

4.8
4.6
4.6
4.3
4.6
4.0

4.1

1.39
1.19
1.26
1.33

1.22
1.12

1.15

1.18

1.10
1.16
1.18
1.18
1.12
1.24

1.20

1.29

1.29
1.29

2
3
2
2

3
4

4
4
3
3
4
3

• 6

TABLE 24.—Iron in rock*, 10 tlid rf fwlofir dfpotitt, wilt, ma* pUnl at*

[Explanation of colon headings: Study Mo. refers to study described la text; aatfaod of analysis (la
parentheses) refers to Method listed la cable 1. tatio, anrtar of saaples la which the elesjsat was
found la neasurable concentrations to muter of staples analysed. Mean, (eoavtric nean except that
values preceded by asterisk are arithmetic nean. Deviation, feonetric deviation except that values
preceded by asterisk are standard deviation. Irror, geonetric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (—) la ficure colusn
Indicate no data available]

Saaple, and collection locality

Study
Mo. and
•ethod of tatio Devta-

Granite
Free. 1 (5)

ttiyolite
Precaabriam; Missouri———

30t30 1.7 1.60 1.03 0.84 - 3.5

— 1 (5) 30:30 1.9 1.27 1.03 1.2 - 3.1

, 1MB
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I ffologie Irpoaa. toil*.«

mt collactica locality

SMtfy

i; Cc 2 (2) •8:80 0.«3 2.3O 1.12 0.03 - 4.3

AZfa

* (3)
3 (2)
3 (2)

• (5)

7 (3)

• (2)
3 (2)

7 (3)
3 (2)

•W

t(2)

' (3)3 a>

7:12
UOtUO
132:U2

32:32

10:20

7«s74
U2U42

Ittlt
132:132

32:32

.010 3.2*

.H 2.4)
1.0 3.20

1.1 2.0f

1.13
1.01
1.14

1.13

<.070
.010
.010

.42
s.s
1.1

.5* - 7.7

.Oil 1.1* 1.15 <.070

3*7:312

TttlO
10:12

112*112
152:152

ttttt
•Os «

3.5
4.2

4.5

3.f

3.3

.17

.10

.11

.34

.37

.13
2.1

1.19
1.7S

1.31
1.13

1.30

1.74

2.77
2.44
l.tS
2.71
2.31
2.3*

3.71
1.M

1.03
1.21

1.03

1.3t

i.a.
1.04

1.04

1.04

.75

.00

.77

.45

.21

•.6
10

3.4
10

.11 • S.4

.a • 10

•COS
•c.070
.2

<.070
.05
.05

•C.070
.5

5.6
.27

.56
3
3

1.4
10

Siferltt

"

MIM

30«30

.*• «.*7

«M «1.36

*»H* .«*

— t.0

• »•!

- 31

•i TTIIlMB a*tt>

~U (5)

24:24
24:24

24:24

4.3
3.5

3.1

1.30
1.60

1.25

1.02
1.02

1.02

2.5 -
1.1 •

7.0
5.1

2.1 - 5.7



C.hoCIlLM.-.SlRY OKSOMt KOCKS. SOILS. AM) PLANTS IN THt LMTED SlAitS

TAIL* 24.—/ron m rocks, unmaolidatd gtologie depotiu. toil*, tnd pltnt tth—Continued

F75

Scudy
•o. ad

Saaole, and collection local icy Mthod of Batio
enalvala

Nun D«via
foercent) ti

Irrer range

tmcafSOLIDATID GEOLOuIC DEPOSITS—Contll

Carbonate reilduoai (terra roaaa) --Contlaued
On Oaagean rocka; Miaaouri——— 12 <
On Maranecian rocka; Miaaouri- • 12 <

Loaaa
Miaaouri-

24:24 3.3
3.7

2.4

i.:
\.:

1.11

1.02
1.02

3.3
2.7

2.1

- 8.0
- 11

- 3.1

SOILS

Cultivated
Plan tone, garden; Gaotfla—•——
Plow zone, com field; MlaMnri

Floedplaln Foraat-—————
Glaciated Prairie—-————
nnflaeiated Prairie——-•——
Oak-hickory Foraat————•—•

Plow «one, •oybean field; Miaaoari
Floedplain Foraat-——————
Glaciated Prairie————
Unflaciated Prairie————
Oak-hickory Foraat————

Plow cone, paatare field; Miaaoari
Floodplain Foreat———
Glaciated Prairia-*————
Unslaciatad Frairi*-———•
Oak-hickory Foraat————

u a>
17 (5)
.17 (5)
17 (5)
17 (3)

17 (5)
17 <3)
17 (5)
17 (3)

17 (3)
17 (3)
17 (3)
" (3)

30:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

2.0

1.4
2.4
2.3
2.1

1.4
2.8
2.5
1.9

2.3
2.0
2.2

1.34

1.80
1.28
1.32
1.14

1.96
1.13
1.42
1.12

1.96
1.20
1.28
1.23

mm m - 5

1.03
1.03
1.03
1.03

1.03
1.03
1.03
1.03

1.03
1.03
1.03
1.03

.4
1.6
1.6
1.7

.3
2.2
1.7
1.6

.4
2.0
1.3
1.3

• 3.1
• 3.3
• 3.8
- 2.6

- 4.6
• 3.1
- 5.1
• 2.3

• 4.6
- 3.4
• 2.8
• 2.9

Surface horizon; Mlaaourl ——— 16 (3) 1.140:1,140 «2.1 *.64 *.12 .49 • 5.4

Uncultivated
Surface horizon; Powder Kiver Baala,

Wyoming and Montana——— 25 (1)

A horizon; Georgia——

A horizon; Kentucky——

B horizon; Ceorgia-

B horizon; Kentucky——
B horizon; Miaaoari

FloodBlala Foreat-
Glaciate* Icolria-—«

Oak-hiulaHj Foreat——
Oak-hickoryoime Foraat—

i* a>
15 (1)
18 (16)
» (16)

14 (1)
15 (1)
18 (16)

20 (5)
20 (5)
20 (5)
20 (5)
20 (5)
20 (5)

48:48

30:30
30:30
96:96

108:1M

30130
30:30
96:96

30:30
50:50
50:30
50:50
50:50
50:30

1.9 1.38

.47
2.1
2.1
2.1

.48
2.6
4.2

2.1
3.3
3.5
1.9
1.9
1.5

2.27
•1.68
1.62
1.54

2.04
1.74
1.55

1.69
1.26
1.53
1.43
1.43
1.31

1.26

1.06
1.27

1.06

1.10
1.10
1.10
1.10
1.10
1.10

.7 - 10

.1

.5

.47

.77

.15

.7

.62

.7
1.8
1.4
.8
.8
.7

• 3
- 5
- 6
- 13

• 2
• 7
• 9.7

• 9 4
- 3
• 12
- 3
- 3
• 3

noi
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Ml
IS"

23 a>14 a>
15 CD
14 (1)
15 a>

u a>
15 (1)

23 (1)
14 (1)
15 0)

17 a>
17(1)
17 (1)
17 a>
23 a>

u a>u a>

5t5
30s 30
UsU
30s30
30s30

4(4
29s29
4s4

20s20
30s 30

lls 11
OsO

29s29
30s30

§*•
l*s 10
UslO
lOtlO
27i27

4s4
7s 7
4*4

lOslO

MslO
10s 10
•st
•s9

30s 30
30s 30

.0.27
.11
.14
.099
.14

.0*3

.11

.11

.on

.19

.07*

1.40
1.27
2.15
1.34
1.9*

.099

.17

.13

.14

.13

.13

.077

.14

.043

.10

.12

.13

.13

.070

.053

1.43
1.55
1.4*
2.13

2.14
2.15
1.57
1.45

1.47
l.tt
1.13
1.30
1.45

1.20
1.03
1.15
1.54

1.14
1.24
1.23
1.20

2.n
1.54

1.23
U23
1.23

1.23

1.23
1.23

0.15
.07
.07
.07
.03

.05

.03

.07

.03

.03

.03

.02

.05

.03

.1

.1

.15

.1

.05

.07

.03

.15

.03

.1

.1

.1

.1

.02

.02

0.5
.15

1
.2
.7

.07

.15

.2

.3

.7

.3

.2

.5

.3

.5

.2

.2

.2

.3

.1

.2

.2

.15

.15

.15

.15

.2

1.3
.2
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TAHJC 24.—Iron in rocks, wtcotuolidfitd geologic dtpotiu, toiU, mad plait *»A—Continued

F77

Sample, aai collection locality

•'••:

Native speciea

Buckbuah; MiMourl
Glaciated Prairie— — — — — —
Unclaclated Pr«iri«— — — — — -

Cedar; Mlaaonrl

Un*laciated Prairie— — — — — —

Oak-hickory-pin* Forest *»* — — —

Hickory, Bifaut; Kentucky— —— •— •-

Hickory, •hagbark; Kantucky— — — —

Hickory, shafbark; Miaaouri

Oak-hickory-piaa Format-——- — -

Maple, red, ateaa; Georgia————

Maple, red, leave*; Georgia— — • —

Oak, black; Kentucky— — — — — —

Oak, peat; Cedar Glade, Mlaeowri—
A* IF Fttl * ^••fi«jtlnf"-j'— •'•»•»•• •^••—•L»—

Oak, white; I^BjIwIqr— — •-— —

Oak, «hlt«; dtfpevt
Oafc^ltUBaaKjajMaL**** •»•»••••••••••

Oak. villevr na»d»laia VccMt,
maaour * •»•»••«»*»••»•»«»••»•••»• ••••••••»• •>•»

Stt
No
•at

PI

15

IS

15

15

20
20

9A

9A
9A.

24

9«V

24

IS
19
18
19

20
20

14
15
14
15

IS
19
20
11
19

IS
19

20

•dy

Efaod el
ilva la

UUIT AI

/i\t*/
(1)
M\
V^l
(1)

r«\I*/
(1)
/1\ll/
(1)

(1)
(1)
/1\
ti^

M%W
M\l*^

/1\\l/
/1\V*J
(1)
/1\\*>
n\\»>
(1)

(3)
(3)
(3)
(3)

/i\v*/
(1)

(1)
(1)
(1)
(1)

(3)
(3)
(1)
IS)
(3)

(3)
(3)
/« %U>fi\w
(1)

' tatio

H • «C^M t ft^Bl A

*fl»lAJwi JV

30:30
1/><1AJU'JU
30:30

VI* VI

30:30
VI. V*ju: jw
30:30

47:47
48t4S
Cfl*KA

LOvaVtt

Al *A1

•1ft* Ul
0*0

10:10
1A«1fl
«A*«A

61*

*0s«0
SB:SS
40:40
20:20

»«1O

7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
27*27
9:9

47:47
76:76

CAaCA90:50
*••£•*»:*»

46:46

m«

1

O f C•u •
.19

.21

tA

.19

.26

.76

.93
Cat

•let

99

.59

.24

.12

.12

.12

.15

.16

.094

.14

.17

.2S

.13

.10

.19

.12

.09

.14

.12

.25

Devia-
f 4««

X a«
.M

2.52
1 «• 75
1.63

I ftd
2.33
I ai. O*

2.47

1.74
1.64I i x.<*
I K*

«9Q
I O A

I t*

I B*.9*
1.77
I x««*J
1 «««n
1.60

1.46
1.44
1.54
1.44

I A9

1.57

1.47
1.59
1.96
1.S9

1.66
1.32
1.37
l.SO
1.33

1.47
1.41

.H
I A *.43

1.59

Irror

—
••»

•»•»

•••»

1.45
1.45
I x«.**I t «.49
I A8
.**

X i«
.*»

«••

1.23
1.07
1.23
1.07

I AC

1.45

eve*

••

.24

.07

.45

.24

.07

1.24
1.07

I A*•45
I A«•*w

1.45

Obi
i

fM

• Q7
.01i%«.07
.1

A9

.015
A9

.03

.05

.3

.3

.15

.06

.05

.06

.09

.1

.05

.07

.1

.1

.06

.06

.07

.O>

.06

.06

.06

.1

i«n
mi
irc4

e*

e»

•

*>

e*

•>

-

e*

m

m

•

•

e»

e*

e»

e*

*

e>

mi
1*
Mt)

0 «.7

1.5
1 C

•3
.7

ft

1.0
1 C• 3
2.0

2
5

I ft

1.
#

•

•

.39

.31

.27

.34

•

•

e

•

1.
1.0

.38

.16

.5
«2

.13

.35

.34

.7

DtOl
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30.30
30130
30i30
30(30

49x49
17il7
27x27
17:17
27x27

90*90
49x49
4fi4f
90x90
4tx49

1* (D
is a>14
19 O)

2tt2S
27x27
2t(2S
27x27
47x47

Otmitt
•~ 1 (I) 29x30 1.49 l.U <30 - 100



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TA»LE S3.—Nickel in rocks, unconsolitlnted geologic deposits, toils, and plant ash—Continued

Fill

Sample, and collection locality

Study
Mo. and
method of
analy«t«

Ratio Mean
(DIM)

Devia
tton

Error

PIAMT ASH—Continued

Observed
range
fppm)

Native species— Continued

Sumac, smooth; Missouri

Cedar Clade

Sveetgua, stems; Georgia————

Sweetgum, leaves; Georgia———

Sweetgum; Floodplaln Forest, Missouri

14 (1)
15 (1)
1* (1)
15 (1)

14 (1)
15 (1)
14 (1)
15 (1)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

14 (1)
15 (1)
14 (1)
15 (1)
20 (1)

17:17
27:27
17:17
27:27

25:30
23:30
19:30
21:30

46:48
48:50
47:49
13:49
36:50
35:49

27r28
27:27
28:28
27:27
47:47

12
14
14
18

7.4
7.9
4.2
5.5

17
11
11
.81
4.0
3.9

12
30
29
63
50

1.55
1.72
1.70
1.80

2.36
3.23
3.15
3.06

2.51
2.15
1.93
3.56
2.82
2.66

1.93
2.34
2.07
2.11
1.93

—••
«•
••
._

—•-
••

1.36
1.36
1.36
1.36
1.36
1.36

..

—
—
—
1.36

7 -
7 -
7 -
7 -

<5 •
<5 -
<S -
<S •

<2 -
<2 -
<2 -
<3 -
<3 -
<a -
<5 -
7 •
7 -
15 -
10 -

30
50
50
50

30
100
70
50

100
50
30
10
30
30

30
150
150
300
150

TABLE 34.—Niobium in rocks, unconsolidfted geologic deposits, mud soils

[Explanation of column headings: Study Mo. refers to study described in text; method of analysis (In
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found In measurable concentrations to number of samples analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) In
figure column Indicate no data available]

Sample, and collection locality

Study
Mo. and
method of Ratio
analysis

Mean Devia* Error
foam) tton

Observed
range
(pom)

ROCKS

Granite
Precambrian; Missouri-

Rhyolite
Precambrian; Missouri-

1 (1) 26:30 11 1.31 1.15 <10 - 20

1 (1) 28:30 12 1.29 1.15 <10 • 20

NICKEL, NIOBIUM
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l a locality M of latto Davia-
Observed

O)

siMifpiaB; fcaiarly

6

21:400
4:120

16:152

18:32

1:142

3:11
4:152

11:32

<20 ~

8.8 1.35

oo
00

OO

7.7 1.25

1.2t

<2Q -
62
40
28

- 15

00 -
OO -

00 -

<10 •

42
30

10
43

10

(Mm r»»ia)
•tlM; Mil
; mni.rt-

•Li

—12 a>
—12 a>

13 CD

1:24
1:24

4:24

- 10
• 10

<10 - 10

1T"T"""-" 14 (1)

20:25
20:25

3:8
4:10.
8:10

2:10
3:10
6:8
8:9

4:10
5:10
8:10
6:10

375:1.140

13
16

8.0
9.5

6.6
7.4
9.4
9.8

8.0
8.5
9.5
8.9

1.34
1.52

1.24
1.23
1.10

1.33
1.27
1.11
1.07

1.23
1.19
1.10
1.16

7.2 1.38

1.18
1.18
1.18

1.18
1.18
1.18
1.18

1.18
1.18
1.18
1.18

1.11

20
30

10
10
10

10
10
10
10

10
10
10
10

<10 - 15

<o -

<o >

<LO -

Of OM Mil 1MB (1*1).

•mam



GEOCHEMISTRY OF SOME ROK.KS. SOILS. AND PLANTS IN THE UNITED STATES

TABLE M.—Niobium in rocks, unconsolideted geologic deposit*, tnd toils—Continued

FI13

Sample, and collection locality

Study
No. and
method of
analysts

Ratio Mean
loom)

Devia
tion

- Error
Observed
range
(pom)

SOILS— Continued

<LO
<10
<ao

• 10

20
30
28

20
30
21

Uncultivated
Surface horizon; Powder River Basin,

Wyoming and Montana— • 25 (1) 26:48 8.7 1.18

A horizon; Georgia 14 (1) 26:30 12 1.33
15 (1) 25:30 16 1.43

A horizon; Kentucky —• 18 (2) 77:96 12 1.33

B horizon; Georgia 14 (1) 27:30 13 1.34
15 (1) 28:30 18 1.43

B horizon; Kentucky 18 (2) 78:96 12 1.27
B horizon; Missouri

Floodplain Forest 20 (1) 7:50 5.8 1.38
Glaciated Prairie ...... 20 (1) 19:50 7.9 1.24
Unglaciated Prairie • 20 (1) 22:50 8.1 1.26
Cedar Glade —• 20 (1) 1:50 <10
Oak-hickory Forest — 20 (1) 22:50 8.0 1.38
Oak-hickory-pine Forest 20 (1) 21:50 7.9 1.36

C horizon; Georgia 14 (1) 24:30 13 1.51
IS (1) 29:30 19 1.40

C horizon; Kentucky ...... 18 (2) 56:96 10 1.31

Cultivated and uncultivated
Surface horizon; Colorado——..—. 22 (1) 57:168 6.7 1.48

B horizon; Eastern United States—— 21 (1) 264:328 13 1.54
B horizon; Western United States 21 (1) 339:492 11 1.74

<ao -

«ao -

10
10
15
10
15
15

30
50
22

- 20

<7 - 20
<7 • 100

TABLE 35.—Phosphorus in rock*, unconsolidtted geologic deposits, toils, and plunl fsh

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples la which the element was
found In measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) In
figure column indicate no data available]

Sample, and collection locality

Study
Mo. and
method of
analvsls

Ratio Mean
fnereent)

Devia-
tian

Error
Observed
range

ROCKS

Granite
Precambrian; Missouri- 1 (5) 19:30 0.030 2.75 1.55 0.017 - 0.17

NIOBIUM, PHOSPHORUS



F114 STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

U. ml CTll*FTtT« locality Mtkod of lacio Dcvia- Error

Bqwllc*
Mil

OUi

I (5)

6 (S)

22:30 0.014

3*3(400
SsU

10*1120
145:152

30:32

335x33*
74:7*

140(142

OUi

152:152

32:32

.09*

.010

.017

.024

.057

.0*9

.027

.035

.030

2.77

2.49
2.22
2.9*
2.5t

2.24

2.24
2.15
2.02

2.95
1.97

1.55 O.017 • 0.17

2.15
1.47
1.24
1.90

<.0087
<.013
<.0044
<.0044

.9*

.035

.14

.13

1.47 <-Ol3 - .17

.0*1

1.50

1.47
1.47

1.22

•c.013
<.0044
<.0044

<-013
.0087

4.5
.24
.25

1.6
.18

.017 - .17

mi OUt

SUorlco

70)
- 5 (14)
I
- * (5)

11 (M)

17s40
74:10

24:32

29:30

310:392 .015
12:48
7*: 80
4:12 <-Ol3

75:112 .0090
92:152 .0061

.0092

.045

.034

.18

5.55
4.21
2.98

4.47
3.45

«.3S
3.53

3.*9

2.94

1.73
2.03
1.90

2.65
2.50

2.03
2.13

<.0044
<.013
<.0044
<.013
<.0044
<.0044

<.013
<.0044

.70

.044

.29

.22

.79

.087

.30
1.4

2.03 <-013 • .31

~ <.0044 • .70

O.022
<.Q22

•c.022
<.Q22
<.022

0.033
.031

.036

.075

.13

-13 (5)

•d «illi« (1961).

24:24 .061 1.35 ~ .030 • .13
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TABLE 35.—Phosphorus in rocks, \mconsolidaled geologic dtposits, toils, and pUmt ash—Cotuinueci

F115

Sample, and collection locality

Study
No. and
•etbod of Ratio Mean
analysis (percent)

Devia-
tion

Error
Observed
range

(percent)

SOILS

Cultivated

Plow zone, corn field; Missouri

Plow zone, soybean field; Missouri

Plow zone, pasture field; Missouri

Uncultivated

B horizon; Missouri

Cultivated and uncultivated

B horizon; Eastern United States—
B horizon; Western United States——

14 (6)
15 (6)

17 (5)
17 (5)
17 (5)
17 (5)

17 (5)
17 (5)
17 (5)
17 (5)

17 (5)
17 (5)
17 (5)
17 (5)

16 (5)

14 («)
15 (6)
18 (16)
19 (16)

U (6)
15 (6)
18 (16)

20 (5)
20 (5)
20 (5)
20 (5)
20 (5)
20 (5)

14 (6)
15 (6)
18 (16)

22 (5)

21 (6)
21 (6)

30:30
30:30

8:8
9:10
8:10
10:10

10:10
10:10
7:8
7:9

10:10
10:10
9:10
8:10

1,130:1,140
•

30:30
30:30
96:96
108:108

27:30
30:30
96:96

49:50
44:50
47:50
50:50
40:50
42:50

26:30
30:30
96:96

166:168

367:371
489:491

0.017
.043

.074

.063

.041

.059

.078

.066

.048

.041

.067

.067

.038

.050

.059

.0065

.020

.03

.025

.0038

.014

.03

.068

.033

.038

.083

.033

.030

.0035

.014

.02

.10

.018

.032

2.10
1.73

1.64
1.66
2.04
1.87

1.57
1.60
1.59
1.80

1.52
1.53
1.52
1.98

1.61

1.86
2.09
1.47
1.40

1.90
2.08
1.53

1.86
1.58
1.56
1.73
1.88
1.67

2.28
2.14
1.69

1.87

3.03
2.33

1.63
1.63
1.63
1.63

1.63
1.63
1.63
1.63

1.63
1.63
1.63
1.63

1.30

1.12
1.16

1.12

1.48
1.48
1.48
1.48
1.48
1.48

1.12

1.17

0.004 -
.012 -

.038 -
<.022 -
<.022 -
.023 -

.041 -

.024 •
<.022 -
<.022 -

.031 -

.038 -
<.022 -
<.022 •

<.01 -

.002 -

.002 -

.013 •

.009 -

<.002 -
.002 -
.009 •

<.017 -
<.0l7 -
<.017 -
.022 •

<.017 -
<.017 -

<.002 -
.002 -
.009 -

<.020 -

<.002 -
<.002 -

0.09
.09

.15

.11

.15

.12

.17

.14

.092

.083

.14

.14

.074

.10

.61

.03

.09

.13

.061

.012

.044

.140

.44

.065

.079

.22

.12

.096

.030

.060

.205

.50

.60

.45

PHOSPHORUS
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co1loctlo» locality mttkut of title DovU- Irror

CMC*!*

U (*)
14 <•)
15 <6)
U (6)
IS W

U <•)
IS (•)
U (6)
IS (i)

" « 1»*

IS (6)

17 (•)
17 (6)
17 (6)
17 (6)

17 («)
17 {«)
U (•)
IS («)

30:30
13:13
30: »
30,30

ZtsZS
30:30

11:11
•tt

2*:2f
30:30

10:10
10:10
10:10

4:4
7:7
4:4

10:10

10:10
•:•

30:30
30:30

1.7
4.7
4.7
4.9
S.2

29:29 7.0

2.1
1.2

2.2
2.4

11
10

22
21
20
21

2.2
3.7
1.9
2.2

9.1
10
4.9
3.2

1.33 —
1.2S —
1.28 —
1.30 —
1.25 —

1.30 —
1.U —

1.M —

1.42 —
1.46 —
1.19 —
1.26 —

1.1*
1.1*
1.1*
1.1*

1.22
1.31
1.13
1.2*

1.43
1.3*
1.30
1.2S

1.12
1.12
1.12
1.12

1.12
1.12

1.0
4.S
3.*
l.S
3.*

3.*
*.0
.90
.CO

1.S
l.S
9.0
6.0

18
U
18
18

2.0
3.0
1.S
l.S

*.0
6.0
2.4
1.8

2.0
9.0
6.0
9.0
7.3

9.0
9.0
6.0
2.4

5.0
3.0

18
15

24
24
24
24

3.0
S.O
•2.0
3.0

12
U
6.0
3.6

14 («)
15 (*)
14 (*>
15 (*)

Glaciated rrairi* 24 («)

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
30:50
49:49
41:41

50:50
9:9

2.1
2.3
2.0
1.9

1.3
1.2
1.7
1.*

2.6
2.4
1.7
2.1
1.8

1.3
2.3

1.48
1.48
1.36

1.37
1.21
1.33
1.28

1.30
1.40
1.28
1.27
1.32

1.23
1.33

1.18
1.18
1.18
1.18
1.18

1.18

.60
1.2
.90

1.2

.60

.60
1.2
1.2

1.8
.60

1.2
1.2
1.2

.6
1.7

3.6
4.8
4.8
3.6

2.4
1.8
2.4
2.4

4.
4.
3.
3.
3.

1.
3.
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TA»U Vj.—Phosphorus in rocks, unconsolidated geologic deposits, soils, tnd filtnt *sh—Continued

F117

Study

Sample, end collection locality
Mo
ne

. and
thod of

,, ; • Observed
Ratio

analvsls
Mean

(percent)
Devia-
tion

Error range
(percent)

PIANT ASH— Continued

Native tpeciec— Continued
Cedar; Missouri— Continued

Unglaeiated Prairie

Hickory, shagbark; Missouri

Oak, black; Kentucky————

Oak, post; Cedar Glade, Missouri-

Oak, white; Kentucky————

Oak, white; Missouri

Oak, willow; Floodplain Forest,
Missouri —

Pine, shortleaf; Oak-hickory-pine

Sagebrush; Powder River Basin,

Sumac, winged, stems; Georgia—

. — 24

. — 24

. 24
24

18
19

.... is
19

. — 20

.... 20

14
15
14
15

• — 18
19

. — 20

. — is
19

• — 18
19

• — 20
— 20

— 20
— 14

15
14
15

— 20

25
14
15
14
15

— 14
15

— 14
15

<«>
(6)
(6)
(6)

(6)
<«)
(6)
(«>

(6)
(6)

(6)
(6)
(6)
(6)

(«>
(6)
(6)
(6)
(6)

<6)
(6)

(6)
(6)

(6)
(6)
(6)
(6)
(6)

(6)

(6)
(6)
(6)
(6)
(6)

(6)
(6)
(6)
(6)

10:10
10:10
10:10
6:6

64:64
88:88
40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
28:28
9:9

49:49
77:77

50:50
49:49

46:46
30:30
30:30
30:30
30:30

49:49

48:48
17:17
27:27
17:17
27:27

28:28
27:27
28:28
27:27

2.3
1.4
1.9
1.9

.76
1.2
.84

1.2

.83

.98

1.4
1.6
1.8
2.1

.88
1.1
.94
.85
.89

1.2
1.2

1.3
1.1

2.1
1.5
2.0
1.4
1.6

2.3

3.1
2.0
2.5
2.3
2.2

.71
1.2
1.4
1.9

1.29
1.30
1.31
1.28

1.43
1.34
1.44
1.21

1.43
1.45

1.51
1.44
1.30
1.26

1.41
1.33
1.44
1.47
1.48

1.41 •
1.30

1.42
1.35

1.32
1.60
1.51
1.28
1.36

1.24

1.34
1.31
1.36
1.30
1.28

1.76
1.66
1.42
1.33

—
—-.
--

1.17
.1.09
1.17
1.09

1.18
1.18
_.

--

—
—

1.16
1.09
1.18
1.16
1.09

1.16
1.09

1.18
1.18

1.18

—— .-.
-.

1.18

—-•

—
—--

..

—
—
—

1.8
.80

1.2
1.6

.04

.47

.44

.76

.60

.60

.60

.90
1.2
1.5

.44

.51

.60

.60

.56

.60

.62

.60

.60

1.2
.60

1.2
.90
.90

1.8

.8
1.2
1.2
1.8
1.2

.30

.48

.90
1.2

-
-
-
•

.
•

-•

-
-

.
-
-.
-

.
-
.
-'
•
_

-

.
-

-
.
-
.
.

.

.

.

.

.
-

.
-
-
-

3.6
2.0
2.4
3.2

1.8
'2.4
1.8
1.6

1.2
1.2

3.6
3.0
3.0
3.6

1.8
2.5
1.8
1.8
1.9

2.4
2.7

3.2
1.8

3.6
4.8
4.8
2.4
3.0

3.6

4.8
3.6
4.8
4.8
3.6

2.4
2.4
3.6
3.0

PHOSPHORUS



F118 STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

, oat coUoccioa locality

20 (6) 48:46
90:50
4tt49
49:49
90:30
49:49

21: 2>
27:27
28:28
27:27
47:47

2.3
1.2
1.7
1.2
1.8
1.4

.n
1.2
1.4
1.9
.96

1.27
.20
.24
.49
30

.34

.7*

.66

.42

.33

.63

Lit
1.18
1.1*
1.1»
1.18
1.18

1.18

1.2
1.2
1.2
.60

1.2
.6

.30

.48

.90
1.2
.30

3.
3.
3.
2.
3.
2.4

2.4
2.4
3.6
3.0
2.6

: 8Cody Bo» roCoco Co ocoo*y
Iioco4 IA Ciolo !• Koclo.

lorilcoco oo ooco ovolloklo]

c; oochoi of aaalyala (in
te •hlch che ilaaaat

Deviation, aaoaecric eeviattae except choc values
eeviatiao. Error, gaoaacric error occribmcoi Co- laboratory pro-

by aacorlak are acoaaarri error. Laariera (—) la flajare colnan

plo. mt collocttao locoltcy

Gromlco
FrecaobriaB; Hiaaoa

thyolUa

rt i (j) 30:30 4.3 1.11 1.01 3.2 - 9.1

Mi Maori- 1 (9) 30:30 4.8

•alcad Scocoa- 3
; Waooarl 4 (9)

389:400
7:12

117:120
148:192

31:32

.32

.083

.30

.31

.66

1.39

4.67
2.99
3.02
3.39

2.81

1.01 2.2 • 8.1

1.86
1.01
1.79
2.16

1.01

<.0083 -
•c.083 -
•C.0083 -
<.0083 -

4.9
.42

1.2
2.4

<.083 - 2.0
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1 ABLE SC.—i'oUusium in rocks, unconsolidaled geologic deposits, toils, and plant ash—Continued
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tl*

Sample, and collection locality

Study
No. and
method of Ratio
analysis

Mean
(percent)

Devia-
tion

Error
Observed

range
(percent)

ROCKS —Cent inued

Chert
Mississippian; Missouri, Oklahoma,

Shale
Sauk sequence; Western United States -

Mississippian; Missouri, Oklahoma,

Pennsylvanian; Missouri, Kansas, and

Limestone and dolomite
Sauk sequence ; Western United States-
Sauk sequence; Missouri and Arkansas -

Pennsylvanian; Missouri. Kansas, and

Siderite

7 (5)

3 (16)
8 (16)
5 (16)

7 (5)
5 (16)

6 (5)

3 (16)
4 (5)
5 (16)

10 (5)
5 (16)
5 (16)
5 (16)

6 (5)

11 (16)

2:20

336:336
76:76

142:142

18:18
152:152

32:32

383:392
39:48
80:80
8:12

109:112
145:152
80:80

28:32

30:30

UNCONSOtmATn) CEOLOPIC

Carbonate residuum (terra rossa)

On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas --

Loess

12 (5)
12 (5)

12 (5)
12 (5)
12 (5)

i

13 (5)

24:24
24:24

24:24
24:24
24:24

24:24

0.083

5.4
1.8
2.3

2.2
2.3

2.7

.32

.20

.40

.12

.30

.17

.56

.16

.64

DEPOSITS

1.0
1.1
1.7
.91

1.1

1.9

*•

1.54
1.59
1.40

1.56
1.59

1.29

3.69
3.57
2.05
3.41
3.02
3.21
2.49

2.52

1.69

•

1.47
2.10

1.57
1.57
1.36

1.13

*•

1.23

••

1.03
1.13

1.03

1.66
1.11
1.28
1.11
2.34
2.78
1.32

1.11

1.03
1.03

1.03
1.03
1.03

0.083 -

.91 -

.42 -
1.0

.91 -

.33 -

1.5

<.0l7 -
<.083 -

.083 -
•C.083 -
•C.0083 -
<.0083 -

.025 -

<.083 -

.22 -

0.46 -
.19 •

.65 -

.37 -

.53 -

1.2

0.17

11
3.5
5.1

3.5
4.0

3.7

4.2
1.6
1.7
1.4
1.4
2.1
1.6

1.0

1.4

1.8
3.0

4.7
1.8
2.2

2.2

SOILS

Cultivated

Plow zone, corn field; Missouri

14 (12)
15 (12)

17 (5)
17 (5)
17 r«

30:30
30:30

8:8
10:10
in. in

0.041
.92

1.7
1.7
1 .9

2.30
1.91

1.15
1.12
1 £1

1.01
1.01
i m

0.01 -
.16 -

1.4
1.4

tn

0.4
2.6

2.1
2.0
i i

POTASSIUM
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I g^tefit tfpotm. jodi. m

. m* crilarttoa locality

•Icl
IUU-.

fUU;

n«v fteU;

17 (5)

17 (5)
17 (5)
17 (5)
17 (5)

gl«»I.
I fUMBl'*""
*r.f«-f... . ...

J •»••*••*••••

V TiMMt

— — -—• — LI W............ 17 fn............ ̂ / |̂ |
............ IT tnm m m m m m m m m m m m ±f ^yf

............ 17 m

10:10

10:10
10s 10
8:8
9:9

10:10
10:10
10:10
10:10

1.5

1.7
1.
1.
1.

1.
1.
1.
1.

1.43

1.09

1.01 0.86 • 2.2

1ft (S) 1.140:1.140 n.4

.41

.30

.10

.13

.34

.40

*.40

1.01
1.01
1.01
1.01

1.01
1.01
1.01
1.01

*.07

1.4
1.5
.68

1.1

1.4
1.5
.66
.83

1.8
1.7
1.7
2.2

1.8
2.0
1.7
2.1

.33 - 3.7

Womti 25 (9)

•̂••1
*••— — — — • U (U)

19 (16)

14 (U)
U (12)
u aw
20 (5)
20 (5)
20 (5)

tatMtr- --- It

I* (12)
15 (12)

30:30
30s 30
HsH

UMtiat
30:30
30s 30
9ft:H

50:50
50:50
50:50
50:50
50:50
50:50

30:30
30:30

U (12) 370:370
VtUtti StttM—— U (12) 491:491

2.ft

.073
1.2
1.0
1.0

.079
1.1
1.2

1.8
1.5
1.3
1.7
1.1

.009
1.2
1.1

22 (5) Itfeltt 2.9

.74
1.7

1.25

2.t5
1.90
1.55
1.42

2.04
1.99
1.70

1.14
1.28
1.45
1.50
1.61
1.9*

2.13
1.97
1.68

1.40

3.56
1.60

1.16

1.14
1.14

1.14

1.25
1.25
1.25
1.25
1.25
1.25

1.14

1.01

• 5

.02

.17

.20

.39

.02

.18

.07

1.2
.75
.58
.50
.42
.17

.02

.18

.080

.005

.19

1.0
3.7
2.1
2.0

1.4
2.5
3.2

2.2
2.5
3.1
3.5
2.1
4.4

1.6
2.8
4.3

- 4.9

- 3.7
- 6.3
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TABLE K.—PoUuium in rocks, uncontolidated geologic deposits, toils, tnd plant uh—Continued
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Sanple, and collection locality

Cultivated plant*

Corn; Georgia-— —————— — —

Corn; Missouri
Floodplaln Forest——————
Glaciated Prairie

Oak-hickory Forest—————
Soybean; Missouri

Glaciated Prairie —
Unglaciated Prairie

Native species

Black cherry, leaves; Georgia— —

Buckbush; Missouri
Glaciated Prairie

Cedar Glade

Cedar; Missouri

Glsciated Prairie----— — — • —

Cedar Glade —
Oak-hickory Forest———-

Study
Mo. and
•ethod
nipTysi

14 (12)
15 (12)
14 (12)
15 (12)

U (12)
15 (12)
14 (12)
15 (12)

14 (12)
15 (12)

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

14 (12)
15 (12)

14 (12)
15 (12)
14 (12)
15 (12)

14 (12)
15 (12)
14 (12)
15 (12)

20 (3)
20 (3)
20 (3)
20 (3)
20 (3)

20 (3)
24 (3)
24 (3)
24 (3)
24 (3)
24 (3)

of Ratio
g

PLANT ASH

30:30
15:15
30:30
30:30

29:29
4:4

28:28
30:30

29:29
30:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

30:30
30:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
50:50
49:49
41:41

50:50
9:9

10:10
10:10
10:10
6:6

Mean
(percent)

35
34
33
33

31
33
21
18

35
36

29
30
31
31

41
40
39
41

38
40

12
14
14
17

11
11
16
19

16
16
15
15
15

6.3
8.9

11
6.8 •
9.8
9.1

Devia-
tion

1.05
1.08
1.10
1.08

1.09
1.05
1.33
1.24

1.09
1.07

1.09
1.07
1.05
1.06

1.06
1.06
1.03
1.06

1.07
1.08

1.45
1.51
1.37
1.27

1.30
1.31
1.23
1.25

1.15
V.16
1.16
1.21
1.24

1.26
1.31
1.39
1.20
1.32
1.37

Error

—
—
—
—
••
••

—
—..

—
1.05
1.05
1.05
1.05

1.05
1.05
1.05
1.05

..
•-

—~

—•-
_.

—
—— .

1.16
1.16
1.16
1.16
1.16

1.16

—
—..
.-

—

30
28
23
28

27
31
9.2

12

26
31

24
26
30
30

38
37
38
38

30
34

6.0
4.2
5.6

11

6.2
5.8

11
10

12
11
9.6
9.2
8.6

3.6
5.0
6.0
5.0
6.0
6.4

Observed
range

(percent)

- 39
- 38
- 37
- 39

- 36
- 34
- 33
- 27

- 39
- 40

- 32
- 33
- 35
- 35

- 45
• 46
- 40
- 45

- 42
- 31

- 28
- 26
- 27
- 28

- 16
- 21
- 23
- 28

- 20
- 20
- 18
- 22
- 22

- 10
- 14
- 15
- 8.0
- 14
- 16

poiASsnm
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locality Mttai «C 8*tio

Oak. fclaek; n

•acky

It O)
If O)
20 (3)
!• (3)
If O)

18 (3)
If (3)

U (12)
14 (12)
U (U)

14 (12)
13 (12)
14 (12)
13 (12)

(3)

64:64
Mitt
40:40
20:20

lf:lf
7:7

30:30
30:30
30:30
30:30

23:23
22:22
30:30
28:28
f:f

4tt49
76:76

30:30
4f:49

46:46
30:30
30:30
30:30
30:30

4f:49
17:17
27:27
17:17
27:27

30:30
30:30
30:30
30:30

48:48
30:50
4f:49
49:49
30:30
49:49

3.9
6.0
6.7
6.3

3.4
2.9

11
12
12
13

7.

3.
4.

7.8
1*
19
21
23

11
19
20
19
23

14
16
19
U

13
13
13
10
13
12

1.44
1.34
1.45
1.35

1.31
1.21

1.51
1.44
1.26
1.31

1.28
1.23
1.38
1.27
1.60

1.32
1.27

1.29
1.22

1.37
1.31
1.23
1.24
1.19

1.35
1.28
1.33
1.27
1.22

1.53
1.41
1.29
1.25

1.34
1.26
1.24
1.32
1.20
1.22

.07
13
07
.13

16
.16

1.08
1.13
1.16
1.08
1.13

1.08
1.13

1.16
1.16

1.16

1.16

1.16
1.16
1.16
1.16
1.16
1.16

3.3
2.7
3.0
4.2

2.4
2.2

5.6
5.8
5.6
8.6

4.1
5.5
2.0
4.5
3.0

4.9
4.4

3.0
3.0

4.4
7.8
15
14
IS

5.6
13
13
12
14

5.2
7.6
10
12

5.6
8.0
8.6
3.8
9.2
7.4

17
12
16
16

3.4
4.0

26
32
17
24

13
12
11
11
14

IS
IS

9.6
6.9

14
30
29
31
32

20
32
34
29
32

30
34
29
31

22
20
22
16
19
19

roiusi
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TABLE 36.—Potassium in rocks, unconsolidated geologic deposits, soils, and plant ush—Continued

F123

Simple, and collection locality

Study
No. and
•ethod of
analysis

Ratio Mean
(percent)

Devia-
tion

Observed
Error range

(percent)

PLANT ASH— Continued

Native specie •--Continued

Sweetgum; Floodplain Forest. Missouri

14 (12)
15 (12)
14 (12)
15 (12)
20 (3)

28:28
27:27
28:28
27:27
47:47

6.1
11
10
14
4.1

1.89
2.10
1.31
1.28
1.59

2.4 - 26
1.3 - 28
7.0 - 23
9.6 - 21

1.16 1.2 - 12

TABLE 37.—Rubidium in pltnt tth

[Explanation of column headings: Study Mo. refera to study described la text; Method of analysis (la
parentheses) refers to method listed in table 1. Ratio, number of samples la which the element was
found in Measurable concentrations to number of samples analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) la
figure column Indicate no data available]

Study
Ho. end

Sample, end collection locality Method of Ratio
anal YB !•

Native specie*

19

19

19

19

19

(3)
(3)
(3)
(3)

(3)
(3)
(3)
(3)

(3)
(3)

64:64
88:88
40:40
20:20

25:25
22:22
28:28
9:9

49:49
76:76

Mean Devia-
(pvm) tioa

56
56
51
55

72
94
74
87 1

93 1
110 1

.61

.62

.68

.70

.72

.39

.62
L.42

L.55
L.65

Error

1
1
1
1

1
1
1
1

1
1

.17

.11

.17

.11

.42

.11

.42

.11

.42

.11

Observed
range
<»pm)

18
18
18
18

37
55
37
64

37
37

- 155
- 170
- 192
• 110

• 210
• 190
- 260
- 160

- 230
- 400

POTASSIUM, RUBIDIUM
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i lecfcfc wummMitt* fologie 4ffoau. totU. «W pfaal ert

: tarty a*, rofer* to *t»o> teacribori la text; Method of aulysi* (la
ll*cee fa table 1. latla. Motor of leaplM ia Aicb, the eleaeat we*

error ectrlbated to laboratory procedure*. Leader* (—) la
4ac* naUoklo]

Ueallty

tarty

tetla DovU-

Mil

8ayollte

OkUb

Hl»»f«ofp»t««; Uatacly
MtMowi.

OkUb

M»ol»«tppiai; ffoararlqr-
•JMlootpytoa

OkLi

SlaorlC*
Oppor faloocole;

1 0)

1 0)

2 (2)

a>

3 (2)
§(2)

" 5 (2)

--- 7 a)
- 5

6 O)

9 (2)

5 a)
5 a)
3 a>
7 a>3 a>

24:30

237:400
If: 120
f3sI52

5.3

6.5

1.7

3.2
2.1
5.0

7.2

18
15
17

t.2
18

IS

15

3:80 <10
22:112 6.1
5:152 <10

331:336
74:76

141:142

17: It
132:152

32:32

11 a>

3:40
49:80

4:32

15:30

<S
9.0

8.4

2.39

1.99

1.95

1.7*
2.M
I.t2

2.12

1.26
1.26
1.19

1.60
i.n
1.26

1.15

1.45

1.80

1.28

1.28

1.24
1.16
1.29

1.07

1.21
1.09

1.21

1.08

1.45

<5 - 15

<S - 15

O - 9

0-25
0-14
«3 - 16

<5 - 15

<10 • 28
<10 - 22
<10 - 22

<10 - 20
10 > 26

10-20

10 - 21

<10 - 10
•CO - 15

- 15

1.14
<S - 7

<10 - 30

<S - 7

<0 - 20

Of (1961).
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TA»LK 58.—Scandium in rocks, uncoruolideted geologic deposits, toils, and plant ash—Continued
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Staple, and collection locality

Study
No. and
method of
analysis

UNCONSOLIDATED

Carbonate residuum (terra rossa)

On Roubidoux Formation; Missouri— --
On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas --

Loess

12 (1)
12 (1)

12 (1)
12 (1)
12 (1)

13 (1)

Ratio

GEOLOGIC

24:24
22:24

24:24
'24:24
24:24

24:24

Mean
(DDB)

DEPOSITS

9.1
7.8

9.2
15
12

9.0

Devia-
tion

1.32
1.44

1.34
1.29
1.40

1.18

Error

1.12
1.12

1.12
1.12
1.12

• *

Observed
range
(mm)

5 -
<S -

5 -
7 -
7 -

7 -

15
15

15
20
20

10

SOILS

Cultivated

Plow cone, corn field; Missouri

Plow zone, soybean field; Missouri

Plow zone, pasture field; Missouri

14 (1)
15 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)
17 (1)

1A /"l\ 1

8:30
30:30

7:8
10:10
9:10
9:10

8:10
10:10
8:8
9:9

8:10
10:10
10:10
10:10

OO9.1 MJ

2.8
9.0

5.2
8.1
6.3
6.3

5.1
8.4
6.7
6.5

5.1
7.3
6.3
6.3

1 7.A

.65

.35

.24

.20

.25

.33

.31

.21

.25

.16

1.31
1.12
1.18
1.26

1 1A

1.09
1.09
1.09
1.09

1.09
1.09
1.09
1.09

1.09
1.09
1.09
1.09

1 .16

<S -
5 -

<5 -
7 -

<S -
<S -

<5 -
7 -
5 •
5 -

<S •
7 •
5 -
5 -

« .

7
15

7
10
7
10

7
10
10
7

7
10
7
10

1C

Uncultivated
Surface horizon; Powder River Basin,

Wyoming and Montana-

A horizon; Georgia-

A horizon; Kentucky-

B horizon; Georgia—
B horizon; Kentucky-
B horizon; Missouri

Floodplain Forest-
Glaciated Prairie-

— 25 (1)

14 (1)
15 (1)
18 (2)
» (2)

14 (1)
18 (2)

20 (I)
20 (1)

44:48

8:30
29:30
96:96
47:108

9:30
96:96

42:50
50:50

7.3

2.1
8.6

10
4.9

2.6
13

7.1
12

1.43

2.64
1.47
1.21
2.22

2.06
1.24

1.58
1.34

1.16

1.06
1.05

1.06

1.23
1.23

<S - 15

<5 • 15
<5 • 15
7 - 1 7

<3 - 15

<5 - 15
7 - 2 2

<S - 15
7 - 1 5

SCANDIUM
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TAM* (•tout

Stoay
•o. OB*

rtlocttoa locality oothoi of lacio Dovia- Error
ttM

eiooo-

; cou

O)- 20 a>
-20 a>- » a>

u a)
IS (1)
it a>

22 a>
— no>

21 (I)

50:50
43:50
37:50
30:50

20:30
30:30
M:96

123:1*8

2*2:371
437:4f2

10
t.8
5.4
4.7

5.0
U
13

S.9

7.0
9.0

.33

.59

.49

.71

.*7

.43
1.30

1.79

1.85
1.74

1.23
1.23
1.23
1.23

1.0*

1.3

7 - 2 0
<S - 20
<3 - 10
«3 - 15

<S - 15
5 - 2 0
7 - 2 0

«3 - 15

<5 - 30
«3 - 50

1:30
1:27
1:17
1:30

<O - 10
•Q - 10
<5 - 10
<5 - 10

> fMtogif trpvtiti. toil*, md j*j plumtt

to «n4y <••«!>•« to UKC;
1. Bc£lo. BiHbcr a£ MHplcs to

of ••>!•• oBalycod.
•ttrtbacol co laboratory

of awlysls (to
lch dM

. Looters (— ) to
ftovro

•o.
locality oa Batio Dovia-

«-> cloo,

Oboarvod

Cooa)

CroBito
Froeai

Bkyollco

1 (5) 18:30 0.12 1.64 1.73 O.I - 0.4

(5) U:30 1.76 1.73 <.! - .4
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TAILE 39.—Selenium in rocks, unconsolidated geologic deposits, soils, tnd dry plants—Continued

Sample, and collection locality

Study
Mo. and
method of Ratio
analysis

Mean
(DOB)

Devia-
tion

Error
Observed

range
(DOB)

ROCKS --Continued

Sandstone

Pennsylvanian; Missouri, Kansas,

Chert
Mississippiao; Missouri, Oklahoma,

Shale
Mississippian; Missouri, Oklahoma,

Pennsylvanian; Missouri, Kansas, and

Limestone and dolomite
Sauk sequence; Missouri and Arkansas-

Mist is sippian; Missouri, Oklahoma,

Pennsylvanian; Missouri, Kansas, and

4

6

7

7

6

4
10

7

6

(5)

(5)

(5)

(5)

(5)

(5)
(5)

(5)

(5)

6:12

19:32

12:20

18:18

29:32

35:48
9:12

32:40

29:32

UfiCGMSOLIDATEP GEOLOGIC

Carbonate residuum (terra rossa)

On Roubidoinc Formation; Missouri— —-
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas-

Loess

12
12

12
12
12

13

(5)
(5)

(5)
(5)
(5)

(5)

23:24
20:24

20:24
21:24
24:24

19:24

0.086

.11

.11

.64

.46

.18

.16

.19

.31

DEPOSITS

0.29
.22

.25

.40

.38

.17

2.06

2.80

1.76

3.47

3.63

2.21
1.97

2.28

2.69

1.69
2.12

2.00
2.43
1.74

2.02

1

1

1

1

1

1
1

1

1

1
1

1
1
1

.67

.67

.67

.73

.73

.96

.96

.96

.96

.72

.72

.72

.72

.72

<0.1 - 0.2

<-l - 1.7

<.l - .3

.2 - 9

<.l - 12

<.l - .8
<.l - .3

<.l - 1

<.l - 7.4

O.I - 0.7
<.l - .8

<.l - .5
<.l • 1.9

.2 - 1.4

<.l - .4

SOILS

Cultivated
Plow tone, corn field; Missouri

Plow zone, soybean field; Missouri

17
17
17
17

17
17
17
17

(5)
(5)
(5)
(5)

(5)
(5)
(5)
r*\

8:8
10:10
10:10
10:10

10:10
10:10
8:8
o.o

.31

.67

.52

.31

.33

.74

.67

.11

1.51
1.67
1.48
1.43

1.67
1.71
1.56
i 11

1.25
1.25
1.25
1.25

1.25
1.25
1.25
1 95

.2 - 0.6

.3 - 1.5

.3 - 1.1

.2 - .6

.1 - .6

.4 - 1.4

.3 - 1.2
•> . L.
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. W* collacttoa locality

Caltî ataa1—CiMttaaii

llaoapUla Faraac«
Clactatai rcalria—-
B»lart«ra< ftairia-

Vanat—

Mali;

maaaarl'

17 (3)
17 (3)
17 (5)
17 (5)

10:10
10:10
10:10
10:10

0.21
.62
.47
.M

16 (5) »23:1.1«> .21

1.65
1.68
1.39
1.43

2.S4

1.2S
1.2S
1.25
1.23

1.17

0.1
.3
.3
.2

0.7
1.5
.8
.6

<.! - 2.7

eiaclata* Fnlria

Caaa* ««aa
Oak<*lcaacy

20 CS)
20 (5)
20 (5)
20 (5)
20 (5)
20 (3)

42:50
49:50
50:50
44:50
4C:50
44i50

.31

.73

.67

.31

.31

.27

2.7S
2.11
1.64
2.10
1.90
2.01

1.52
1.52
1.52
1.52
1.52
1.52

2.4
3.4
3.1
1.4
1.0
1.0

22 (5) 143:1M

21 (5)
U (5)

390:420
413:492

.23

.39

.25

2.M

2.17
2.53

1.40 <.!

<.!

1.4

1.4
4.3

oaclwttai alaaca

17 (14)
17 Q4)
17 (14)
17 a*)
17 (U)
17 (U)
17 O*)
17 a*)

10:10
10:10
10:10

10:10
10:10

9:9

0.062
.072
.047
.040

.17

.098

.097

.077

2.41
2.61
1.88
2.96

2.68
1.83
2.28
1.94

1.09
1.09
1.09
1.09

1.09
1.09
1.09
1.09

0.01
.02
.02
.02

.06

.04

.04

.04

0.2
.4
.15
.50

1.25
.25
.35
.40

20 (14)
20 (14)
20 (14)
20 (14)
20 (14)
20 a*)

20 a*)
20 (14)

47:47
46:46
49:49
46:46
39:39
50:30

19:19
7:7

.043

.038

.023

.032

.031

.021

.022

.027

1.45
1.49
1.33
1.47
1.47
1.36

1.32
1.45

1.22
1.22
1.22
1.22
1.22
1.22

1.22
1.22

.02

.02

.02

.02

.02

.01

.02

.02

.08

.08

.04

.08

.06

.04

.04

.04
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TAILS 39.—Selenium in rocks, unconsolidaled geologic deposits, soils, and dry £im(s—Continued

F129

Sample, and collection locality

Study
Mo. and
•ethod of
analysis

Ratio Mean
<PPB)

Devia-
tion

Error
Observed

range
(PDB)

DRY PLANTS— Continued

Natlvt species —Continued
Oak, poat; Cedar Glade, Missouri——
Oak, white; Missouri

Oak, willov; Flood plain Foraat,

Pine, shortltaf; Oak-hickory-pint

Sagebrush; Powder Rivtr Basin,

Sumac, smooth; Miaaouri

Sveetgum; Floodplaln Forest, Missouri

20 (14)

20 (14)
20 (14)

20 (14)

20 (14)

25 (14)

20 (14)
20 (14)
20 (14)
20 (14)

46:49

48:50
48:49

45:45

49:49

48:48

47:48
49:50
39:49
47:47

0.020

.018

.019

.032

.062

.42

.027

.022

.013

.065

1.56

1.43
1.43

2.02

1.71

2.47

1.98
1.83
1.67
2.36

1.22

1.22
1.22

1.22

1.22

1.22
1.22
1.22
1.22

O.01 - 0

<.01 -
<.0l -

.01 •

.02 -

.08 • 4

<.01 -
<.01 -
<.01 -
.01 -

.04

.04

.04

.3

.2

.8

.25

.10

.04

.4

TABLE 40.—Silicon in rocks, vneoraolidMed gtologit deposits, toils, tnd pl»nt uJb

[Explanation of colunt headings: Study Mo. refers to study described in text; Mthod of analysis (in
parentheses) refers to Method listed in table 1. Ratio, nuaber of staples In which the eleawmt was
found In aaasurable concentrations to nuaber of saaples analysed. Mean, geoaatric Man except that
values preceded by asterisk are arithmetic Mean. Deviation, geoaatric deviation except that values
preceded by asterisk are standard deviation. Error, geoa*tric error attributed to laboratory pro-
cedure! except that values preceded by asterisk are standard error, 'leaders (—) in figure eolusn
indicate no data available]

«J Study
Mo. and Observed

Sample, and collection locality aethod of Ratio Mean Devia- Error range
analysis (percent) tion (percent)

ROCKS

Granite

Rhyolite

Shale
Sauk sequence; Western United States- 3 (16) 336:336 *27

Upper Mississippian; Kentucky 5 (16) 142:142 *29
Mississippian; Missouri, Oklahoma,

*1.22 *1.08 33 - 37

*1.37 *1.08 33 - 37

*5.89 *1.29 5.3 - 39
*4.27 — 20 - 39
*4.54 — 17 - 39

1.40 1.02 13 - 37

SELENIUM, SILICON



F130 STATISTICAL STUDIES IN HELD GEOCHEMISTRY

collect!»• locality of utla

Oklafc

5 a*)
• (5)

Jkrfc

OUd*

SiterU*

(5)
a*)
(5)

11 (W)

152:152

32:32

30:30

00 «t.30

27 1.15

«o.n

1.02

23

If

• 42

- 37

348:392
40:48
80:80
9:12

112:112
152:152

28:40
80:80

32:32

2.3
1.6
3.4
1.0
8.0
2.7

1.1
7.2

2.9

4.24
3.44
2.56
4.53
2.35
2.58

4.53
2.41

2.M

1.47
1.07
1.09
1.07
1.04
1.11

1.07
1.08

1.07

<-056
<-47
.56

<.47
1.2
.45

<.47
.70

.47

• 24
- 31
- 15
- 12
- 30
- 26

- 24
- 21

- 17

t.8 1.95 — 1.6 - 26

HimamiL' 13 (5) 24:24 1.05

03
.03

.03

.03

.03

15
18

24
21
19

— 30

36
43

36
34
36

- 36

•OILS

Cole*

nonet—
Flair MM. fnjfttm £1*14;

Floadplaia fonst— • —
Prairie—

FralrU
Oak-hickory rorut— —

17 (5)
17 (5)
17 (5)
17 (5)

17 (5)
17 (5)
17 (5)
17 (5)

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

«38
•35
•37
•38

•37
•35
•37
•38

•3.09
•1.64
•2.35
•2.23

•2.94
•.83

•2.29
•2.39

31
32
35
35

33
33
36
33

- 42
- 37
- 42
- 41

- 42
- 36
- 41
- 41

sum
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TABLE 40.—Silicon in rocks, unconsolidated geologic deposits, soils, end plant *sh—Continued

F1S1

Study
No. and

Sample, and collection locality method of Ratio
analysis

Mean Devia-
(oercent) tion

Error
Observed

range
(percent)

SQXLS--Continued

Cull
Si

Una
A

B
B

r

Civated —Continued

titivated

horiton; Missouri

19

._.__._. tt\

._...___ tit

(16)
(16)

(16)

(5)
(5)
(5)
(5)
(5)

fis\

1,140:1,140 *35

96:96 *38
108:108

96:96

50:50
50:50
50:50
50:50
50:50
50:50

Q&.O6

39

*35

*36
*32
*34
*29
*39
*41

*VL

*2.

*2.
1.

*2.

*3.
*2.
*3.
*8.
*3.
*2.

*v

77

24
04

93

60
36
18
14
47
65

A7

*1.32

*.40
1.01

*.40

—----
••
--

*.&o

23

28
31

26

27
27
26

7
22
33

9S

- 43

- 41
- 42

- 41

- 42
- 37
- 40
- 43 '
- 43
. 44

- L->

Cultivated and uncultivated
Surface horizon; Colorado* 22 (5) 168:168 33 1.16 1.02 10 - 42

?LANT ASH

Native species

19 (6)

88:88
2:2
20:20
8:9

1.3
.83
1.3
.29

1.48
1.25
1.38
2.74

1.81

1.81
1.81

0.50
.71
.69

<.34

- 3.8
- .98
- 2.5
- 3.7

TABLE 41.—Stiver in rocks, toils, trul pUnt *sh

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to Method listed in 'table 1. Ratio, number of aaaples in which the eleswnt was
found in measurable concentrations to number of samples analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure coluom. indicate no data available]

Sample, and collection locality

Study
No. and
method of
analysts

Ratio Mean
(pom)

Devia-
tion

Error
Observed

range
fDDtt)

ROCKS
Shale

Mississippian; Missouri, Oklahoma,
and Arkansas——————— 7 (1) 3:18 <0.5 <0.5 - 3

SILICON, SILVER
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ccUoctiBB locality

» O>

5 CD

D«rU-

43: M O.li 2.22

1:112 <10

1.6* O.2 - 0.90

<10 - 10

oa

B

oa<
»

•

M CD

20 a>

22 a>
21 a)

4:1.140 O.5

1:50

0.5 - 3

<-5 - 3

<.S

oa

Oak. «hlt*s

u a>u a>
U (1)

u a>u a>u a)

» a>20 a>
u a>
I* CD

11(2)

20 (I)u a>15 a>

1:30
1:21
3:30

1:30
1:30
4:30
2:30

2:10
1:10
1:44
1:30

2:28
3:49

14:49
1:17
1:27

0.5 0.5 - 2
•c.5 - 2
<-5 - 7

< 5
<-5
•CS

2.53

- 2
<-5 - 5

- 5
- 2

- 5
- 1.5
- 7
- 3

- 20
- 3

<l - 3
<-5 - 3

- 2

smnm
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TABU 42.—Sodium in rockl, uaeontoMtUd gtolofie dcpofiU. toils, tnd pltnt uh

F133

[Explanation of column headings: Study Mo. refer* to study described la text; method of analysis (la
parentheses) refers to MChod listed la table 1. Ratio, number of samples la which the clement we*
found la measurable concentration* to number of samples analyzed. HMO. geometric mean except that
values preceded by asterisk are arithmetic mean. Deviation, geometric deviation except that values
preceded by asterisk are standard deviation. Error, geometric error attributed to laboratory pro-
cedures except that values preceded by asterisk are standard error. Leaders (—) in figure column
Indicate no data available]

Study

Sample, and collection locality method of
analveie

latio Devia-
tion

Observed
range

(oercent)

•.OCXS

Granite
Precambrian; Missouri-

Sandstone
Roubldoux Formation; Missouri—
Pope Megagroup;1 Kentucky———
Fennsylveaiaa; Kentucky——

4 (3)
5 (16)
5

30:30

12:12
108:120

.013

.098

.19

1.2

2.53
5.03
4.93

1.03

1.45 .0074
3.53 <.0074
3.01 <.0074

Chert
Mississippiaa; Missouri, Oklahoma,

.059
2.2
1.6

Shale
Sauk sequence; Western United States-

Upper Mississippiaa; Kentucky——
Mississippian; Missouri, Oklahoma,

Penasylvanian; Missouri, Kansas, and

Limestone and dolomite
Sauk sequence; Missouri aad Arkansas -
Upper Ordoviciaa; Kentucky-——

• Lower Mississippiaa; Kentucky——
; Upper Mississippiaa; Kentucky—*

Mississippiaa; Missouri, Oklahoma,

'K Peaasylvanian; Kentucky———
; Penasylvaaiaa; Missouri, Kansas, and

once

Carbonate residuum (terra roasa)
On Gasconade Formation; Missouri—

/

3

5

4
3

10
3
5

3

W

12
i*

W

(16

(16)

fli\

(3)
(16)

(16)
(16)

(16)

(3)
/*i

ur:*u

326)336

134:142

1ft* 1ft

48:48
69:80
19*19

79:112
103:152

73:80

"

D GEOLOGIC

24:24
24 -24

.ULJ

.17

.13

AM
41«*»

KA

.027

.077
m i

.028

.020

A1 7

.17

ftAA

DEPOSITS

0.032
.015

1

3

2

1
4

6
6

3

1
i

.11

.15

.93

67

.48

.10

.43

.10

.82

aVl

.38
-57

1

2

t

1
3

3
3

2

1
i

•<u

.21

—

54

.44

.09
/.A

.62

.84

AZ

.29

LL.

.14

.14

*..UUfH •

<.015 -
074 -

<.0074 -

M .

30

.015 -
<.0074 -

0074 •
<.0074 -
•C.0074 -

•T OflTaV •

<.0074 -

015 .

0.015 -
.015 -

.U4A

2.8
1 0
.89

41

1 A

\ 1

.58

.51
C«

.44

.59

AO&

.74

77

0.18

Of Swann and Willman (1961). SODIUM
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gcotofif A'poriU. iptb. «W

SoBplc. collection locality Bathed of
—.1 — 4.

tatto
Observed

DavU-

Carbonate resiaaasi (terra rosea) —
OB Jef farm City. Cotter, end Poaall
Poreatioaa; Miaaoarl BBd Arkansas— 12 (3) 24:24

OB OsecesB rocks; Missouri — 12 (3) 24:24
OB Hit sear I an rocks; Mi aeoart——— 12 (3) 24:24

Misssuii- 13

0.030
.036
.045

.95

1.25
1.51
1.42

1.3

1.14 0.022
1.14 .015
1.14 .022

0.074
.074
.16

• 1.2

CaltivBted
no* cone, can field; Waaaari
FloodplaiB Poreat—-——•
Glaciated Prairie——
Oa«laciatad Prairie—— •
Oak-hickory Forest——-

now soaa. soytian field; Wsaaari
FloodplaiB Forest————
Glaciated Prairie—-——
OBflaclated Prairie
Oak-hickory

17 (3)
17 (3)
17 (3)
17 (3)

• borixoa;
B

need* lain Forest——
Glaciated

Oak-faickory-viBe Forest-

C borlxoa; Georgia——

C horizon; Xentocky——

8:8 0.79
10:10 .69
10:10 .45
10:10 .55

10:10 .76
10:10 .68
8:8 .56
9:9 .53

10:10 .74
10:10 .70
10:10 .50
10:10 .51

1.140:1.140 *.53

6* )0
29:30
92:96

3:30
29:30
89:96

50:50
50:" 50
50:50
50:50

50J50

3:30
15 (12) 30J30
18 (16) 86:96

.21

<.02
.20
.24

.62

.50

.38

.13

!l9

<-OS
.20
.16

.11

.13

.84

.68

.15

.09

.50

.49

.22

.11

.50

.67

*.23

2.82
3.07

2.86
3.25

\ £•

ll*5
1.62
1.70
2.01
1.86

2.35

1.02 0.68
1.02 .54
1.02 .16

1.02 .60
1.02 .58
1.02 .30
1.02 .22

1.02 .49
1.02 .57
1.02 .26
1.02 .21

*.03 .07

— <.02
1.35 <.02

— <.02
— <.02
1.35 <.02

1.42 .04
1.42 .13
1.42 .10
1.42 .06

1.42 .06

~ <.05
— .03
1.35 <-01

0.93
.78
.85

- .96
- .76
- .89
- .76

- .94
- .82
- .76
- .94

- 1.2

.15

.7
1.3

.7
1.0
1.1

1.0
.81
.81
.74
.78
.89

.1

.7
1.4



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TA»LC 42.—Sodium in rocks, uneonsolidated geologic deposits, soils, and plant ash—Continued

F1S5

Sample, and collection local icy

Study
Mo. and
attthod of
analysis

Ratio
. . „
Mean

(percent)
Devia-
tion

Error
Observed

range
(percent)

SOILS *"C wit imied

Cultivated and uncultivated
22 (3)

21 (12)
21 (12)

168:168

245:304
484:484

0.98

.26
1.0

1.70

4.11
1.98

1.05 0.12

- <.02
— .05

- 2.2

• 1.5
- 10

PUkRT ASH

Cultivated plants
Corn; Missouri

Soybean; Missouri

Dative species
Buckbusb; Missouri

Cedar Clede •

Cedar; Missouri
Cedar Glade
Glaciated Prairie — —

Cedar Glade

Hickory, shagbark; Missouri

Oak, post; Cedar Glade, Missouri——

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

20 (3)
20 (3)
20 (3)
20 (3)
20 (3)

20 (3)
24 (3)
24 (3)
24 (3)
24 (3)
24 (3)

18 (3)
19 (3)
18 (3)
« (3)

20 (3)
20 (3)
" (3)
19 (3)
20 (3)

18 (3)
19 (3)
18 (3)
19 (3)

8:8
10:10
7:10
8:10

10:10
8:10
8:8
8:9

47:47
46:46
47:47
44:44
39:39

49:49
9:9

10:10
10:10
10:10
6:6

64:64
88:88
40:40
20:20

19:19
7:7

25:25
22:22
49:49

28:28
9:9

49:49
76:76

0.0039
.0032
.0025
.0025

.0033

.0025

.0037

.0033

.097

.096

.064

.082

.077

.022

.28

.31

.20

.27

.27

.11

.10

.11

.10

.028
. .032

.13

.12

.042

.14

.13

.16

.15

1.67
1.51

—--

1.43

—1.56
1.77

1.40
1.28
1.27
1.36
1.27

1.46
1.36
1.33
1.25
1.65
1.34

1.45
1.31
1.52
1.27

1.55
1.33
1.52
1.36
1.46

1.59
1.37
1.58
1.43

1.23 0.0025
1.23 .0025

— <.0025
— <.0025

1.23 .0025
— <.0025

1.23 .0025
1.23 <.002S

1.36 .03
1.36 .05
1.36 .04
1.36 .05
1.36 .05

1.36 .01
— .16
— '.20
— .12
~ .14
— .20

1.47 .06
1.36 .06
1.47 .05
1.36 .06

1.36 .02
1.36 .02
1.47 .06
1.36 .08
1.36 .02

1.47 .06
1.36 .09
1.47 .08
1.36 .05

- 0.010
• .0075
- .0050
• .0050

• .0050
- .0050
- .0075
- .0075

- .20
- .15
- .10
• .17
- .16

- .05
• .40
- .42
- .26
- .48
- .42

- .26
- .27
• .30
• .14

- .05
- .05
- .39
- .87
• .16

• .60
- .24
- .50
- .34

SODIUM



FIS6 STATSTICAL STUDIES IN FIELD CEOCHEMCTYY

coUactloa locality

8caay

of Batio Davia-
tloa

• 20 (3)
20 (3)

tea .,
•alca;

Oak-fclcaacy tonal

Oak. villaa? Flaaa>lai»

20 (3)

30:90
49:49

44:44

48:48

48*48
50x30
49:49
48:48
30:50
49:4*

47:47

0.031
.034

.0*4

.OSS

.031

.025

.022

.023

.023

.028

1.33
1.30

1.54

1.45

.44

.40

.M

.CO

.44

.57

.047 1.57

1.34 0.02
1.3f .02

1.34 .03

1.34 .02

1.34 .01
1.34 .01
1.34 .01
1.34 .01
1.34 .01
1.34 .01

1.34 .03

• 0.07
• .04

• .24

• .15

• .10
• .12
• .14
• .14
• .04
• .07

• .22

4aacriaai ia •—•..
caUa 1. Batla, aaaaar of iaaplii ia valet

of MaalM aaalysa*. Mtaa, cooaatrlc
attriaatad to laboratory

aaca availabla]

of m*Lj*l* (la

Ooviatioa.
(— ) ia

8aBvla( aad eallactiaa lacality

Scaay
•a. aa

Batla Bavia- Bnor

Craaita

Bkyalita
1 a) 30:30

81 2.12

44 2.18

1.14

1.14

15 -

20 •

300

300

; Catenae 2 (2) 79:80

Stataa- 3 (2)
* O)

2.12 1.22 <10 - 440

329:400
12:12

31
13

3.37
2.23

1.31
1.25

<30 • 2.200
5 - 50



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TABLE 43.—Strontium in rocks, unconsolidattd geologic deposits, soils, and plant ash—Continual

F137

Study
No. and

Simple, and collection locality method of Ratio
analvs la

Mean
foom)

Devia-
tion

Error
Observed

ranee
loom)

ROCKS— Continued

Sandstone— Continued

Pennsylvanian; Missouri, Kansas, and

Chart
Mississippian; Hiaaouri, Oklahoma,

Shale
Sauk aaqucnca; Western United States- 3 (2)

Upper Mississippi..!.; Kentucky**- — — 5 (2)
Mississippian; Missouri. Oklahoma,

Pennsylvania!.; Missouri. Kansas , and

Black shale
Devonian and Mississippian; Kentucky- 9 (2)

Limestone and dolomite
Sauk sequence; Missouri and Arkansas- 4 (1)

Tippecanoe sequence; Missouri——— 10 (1)

Mississippian; Missouri, Oklahoma,

Peimsylvanian; Missouri, Kansas, and

Siderite

DNCONSOLDATl

Carbonate residuum (terra rossa)
On Gasconade Formation; Missouri--— 12 (1)
On Roubidoux Formation; Missouri— 12 (1)
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas— 12 (1)

Loess

1 Of Svann and Willman (1961).

94:120
145:152

32:32

16:20

327:336
73:76

139:142

18:18
149:152

32:32

88:88

48:48
80:80
12:12

112:112
152:152

40:40
80:80

32:32

30:30

ED GEOLOGIC

24:24
24:24

24:24
24:24
24:24

24:24

34
43

95

8.1

150
92

110

150
120

200

90

100
450
360
360
540

270
480

990

190

DEPOSITS

40
50

44
62
51

220

2.53
2.51

4.19

2. 55

2.08
1.60
1.80

1.87
1.62

1.65

1.39

1.56
2.23
2.27
2.04
1.85

3.62
1.89

3.86

1.48

1.52
1.52

1.40
1.52
1.57

1.28

1.45
1.49

1.25

1.25

1.13

1.17
1.22

1.17

1.14

1.23
1.49
1.23
1.25
1.45

1.23
1.29

1.23

1.25
1.25

1.25
1.25
1.25

• •

<20 -
•CO -

7 -

<5 -

<30 -
<30 -
00 -

70 -
<30 -

100 -

30 -

30 •
100 -
150 -

70 -
100 -

70 -
200 -

70 -

100 -

300
380

700

70

4,000
260
960

700
260

1.000

220

200
2,000
1.500
1,500
5,000

10,000
5,000

5,000

500

20 - 100
10 - 300

30 - 70
30 - 150
30 - 150

150 - 300

STRONTIUM



F1J8 STATISTICA1. STUDIES IN FIELD GEOCHEMISTRY

immeto. inmiriililaMhgic *»«•!<». joifcai

locality

Ss30
2f:30

A

A

• OMKCia-

VMCMkT

Uclatai Fcalrli

FMMf

29 a>

15 (1)
!• (2)
19 <2>

a>
15 (1)
IB a>
20 a)20 a>
20 (1)
20 (1)
20 O)
20 O)

10x10
10x10
10s 10

10:10
10:10
•tl

10:10
10:10
10:10
10:10

3.*
33

150
150
110
120

1*0
140
120
110

140
150
110
120

(1) 1.140:1.140 110

4t:4«

11:30
2t:30
95:9*
99:1M

9:30
29:30

CM*!*
u a>a>a>

50:50
50:50
50:90
50:90
50:90
90:90

17:30
30:30
99:96

1*0

9.7
30
C
«7

4.9
27
99

120
120
99
72
M
42

9.0
29
88

2.35
2.21

1.21
i.n
l.*4
1.53

1.19
1.14
1.39
1.48

1.14
i.n
1.98
1.97

l.*0

1.93

2.73
2.22
i.n
1.81

1.98
1.33

1.32
1.39
1.91
1.91
l.*t
1.90

1.84
1.82
1.89

1.1*
1.14
1.1A
1.14

1.14
1.14
1.14
1.14

1.14
1.14
1.14
1.1/4

1.25

1.23

1.10
1.1*

1.10

1.33
1.33
1.33
1.33
1.33
1.33

1.10

100 -
100 -
50 •
50 -

100 -
100 -
50 •
90 -

100 -
100 -
90 -
90 -

20 -

19
200

200
200
200
200

150
150
190
190

190
200
200
200

900

90 - 900

<3
<3

< -

20 -

70 -
70 -
30 -
20 -
30 -
10 >

10 -

90
190
390
170

19
100
240

200
200
200
190
150
190

90
70

330

••—•———• 22 (1)

21 a>
21 a>

Statn-
Ooltt* 8t«t*«-

1*8:1*8 1*0

343:371
492:492

51
UO

1.70

3.96
2.12

1.29 90 - 900

<S
10

700
3.000



GEOCHEMISTRY OK SOME ROCKS, io.^,. ,vND PLANTS IN I HE UNITED STATES

TAMX 43.—Strontium in rocks, unronsolidatcd geologic deposits, soils, and plant ash—Continued

F139

Sample, and collection locality

Study
No. and
•ethod of
analysis

Ratio

.<

Mean
(DDIB)

£ :

Devia-
tion

Error
Observed
range
(DPIB)

PLANT ASH

Cultivated plants
Asparagus; Wisconsin--———

Beet, red; Wisconsin—————
Blackeyed pea; Georgia-———

Corn; Missouri

Glaciated Prairie

Soybean; Missouri

Tomato; Georgia——————

Native species • •

Buckbush; Missouri
Glaciated Prairie

—- 23 (1)
14 (1)
15 (1)

— - 14 (1)
15 (1)

— - 23 (1)
.... u (l)

15 (1)
.... 14 (i)

15 (1)

— - 23 (1)
23 (1)

. 14 (1)
15 (1)

•— 17 (1)
17 (1)
17 (1)
17 (1)

23 (1)
23 (1)

— - 23 (1)
•— 23 (1)

23 (1)

— 17 (1)
— 17 (1)
'— 17 (1)

17 (1)

14 (1)
15 (1)

14 (1)
15 (!)
14 (1)
15 (1)

14 (1)
15 (1)

.... 14 (i)

15 (1)

20 (1)
.... 20 (1)

5:5
30:30
15:15
30:30
30:30

3:3
29:29
4:4
28:28
30:30

11:11
8:8
24:29
30:30

6:8
9:10
10:10
9:10

21:21
4:4
7:7
4:4
10:10

10:10
10:10
8:8
9:9

29:30
30:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48

590
88
140
210
290

420
180
130
620
880

410
300
52
50

14
17
15
17

21
340
370
93
75

330
290
430
170

71
69

1,900
2,400
1.200
1,600

1,900
3,500
930

1,900

1,800
1.700

2.38
1.63
2.28
1.80
1.75

1.34
1.81
1.40
2.34
1.89

3.10
2.68
1.75
1.95

2.73
1.72
1.55
2.04

2.02
1.29
1.72
1.58
2.53

1.72
1.63
1.38
1.83

1.96
2.00

1.68
2.29
1.74
2.11

1.93
2.14
1.72
1.94

1.43
1.46

.-

--

—-.

--
..
.-
.-
-.

—..
..

—..

1.22
1.22
1.22
1.22

..
•-

—
—
—
1.22
1.22
1.22
1.22

..

-.-

..
-.
-.

—_.

--..
..

1.31 .
1.31

300 - 2,000
30 - 300
50 - 1,000
50 - 700
100 - 700

300 - 500
50 - 500
100 - 200
100 - 3,000
200 - 3,000

30 - 1,500
30 - 700
<7 - 150
15 - 150

<7 - 50
<7 - 30
7 - 30

<7 - 50

7 - 70
300 - 500
200 - 700
50 - 150
30 - 700

150 - 700
200 - 500
300 - 700
70 - 500

<7 - 300
15 - 700

700 - 7,000
300 - 7,000
500 - 5,000
300 - 5,000

700 - 7.000
1,000 - 20,000
300 - 3.000
700 - 10,000

700 - 5.000
700 - 5,000

STRONTIUM



F140 STATISnCAL STUDIES IN FIELD GEOCHEMISTRY

Scady
Bo. mi

OBd colloctloa locality •atfced of latio Davia- Error
Observed

(mm)

Oak-fclckary Focaat-
Focaat-

20
20
20

date-
Claclatad Frairla-

Frairla-
daaa<

Oak-fclekary-*iaa Foraat-

~ 20
- 24
— 24
— 24
— 24
- 24

a)

(1)
(1)

Blckory. H*mf. Kaatacky—
Blckory. akafbark; Kamtacky-

Oak-fclchary Foraat-
Oak-htekBry-aiBa Foraat-

BBala. rod. CCOBB; Caaiaja-

•Via. rod. laavaa; Cuifgli

18

20

14
U
14
u

Oak. alack;

I; EamOKky-
klta;
•li*;

Oak-hickory Focaat-

Oak. •illow; Floodplala Foraat,
maaoart -....-.—...~.

laavaa;

— 20
- 20

— 20
14
15

- 14
15

a>
(1)

a>a)
a)

(1)
(1)
(1)
a)
a>
a>a>
a>
a>
(1)

Foraat. Mil
Oak-tlctory-vla*

; COOK*!*
.. 20
- 14

15
14
15

a>
(1)
(I)
a>
a)
(1)
a>
a>a>

50:50
4f:49
41:41

50:30
9:9
10:10
10:10
10:10

•4t«4
40:40

19:19
7:7

90:30
30:30
30:30
30:30

25:25
50:50
2S:28
49:49

50:50
49:49

4f:4ft
30:30
30:30
30:30
30:30

49:49
17:17
27:27
17:17
27:27

30:30
30:30
30:30
30:30

50:50

340
1,500
1.500

340
2.200
2.600

410
2.300
2.500

5.300
4.600

3.200
5.100

1,500
1.800

680
770

1.900
320

1.800
2.000

1.800
2.300

1.800
1.100
1.100

540
620

570
1.800
1.700
1.100

930

2.200
2.300
1.100
1.100

3.400
3.500

1.52
1.96
1.72

1.63
1.55
1.50
1.55
2.01
1.72

1.54
1.70

2.03
1.56

1.87
1.91
1.97
2.04

1.45
1.53
1.55
1.70

59
88

1.36
1.91
1.96
2.03
1.98

1.85
2.30
1.85
2.33
1.91

i.n
2.22
1.59
1.59

1.62
1.49

1.31
1.31
1.31

1.31

1.23
1.23

1.31
1.31

1.15
1.31
1.15
1.15

i.n
1.31

1.31

1.31

1.31
1.31

200
300
500

200
1.000
1.500

300
700

1.000

1.000
1.000

500
2.000

700
500
300
150

700
200

1.000
700

500
500

1,000
500
300
150
200

200
300
500
300
200

700
500
500
500

1.000
2.000

1.500
5.000
3.000

1.000
5.000
5.000
1.000
5.000
5.000

10.000
10.000

7.000
7.000

7.000
10.000
3.000
5.000

3,000
1.500
5.000
7,000

5.000
7.000

3,000
5.000
7,000

20.000
5.000

2.000
10.000
7.000

10.000
3.000

7.000
7.000
3.000
3.000

10.000
7.000



GEOCHEMISTRY OF SOME KOCKS, SOILS. AND PLANTS IN THE UNITED STATES

TABU -13.—Strontium in rocks, unconsolidaled geologic deposits, soils, and plant ash—Continued

FH1

Sample, and collection locality

Study
No. and
method of
analysis

Ratio1 Itean
fppm)

Devia
tion

Error
Observed

range
(pom)

PLANT ASH—Continued

Native species—Continued
Sumac, smooth; Missouri—Continued

Unglaciated Prairie—
Cedar Glade ————————
Oak-hickory Forest————
Oak-hickory-pine Forest———

20 (1)
20 (1)
20 (1)
20 (1)

U (1)
15 (1)
14 (1)
15 (1)

Sveetgum; Floodplain Forest, Missouri 20 (1)

Sweet gum, stems; Georgia—

Sweetgum, leaves; Georgia-

49:49
49:49
50:50
49:49

18:28
27:27
28:28
27:27
47:47

3,700
400

2,700
3,100

1,200
1,500
620
750

2,000

1.46
1.72
2.19
1.79

1.87
2.03
1.80
1.98
1.51

1.31
1.31
1.31
1.31

1.31

1,500 - 5,000
200 - 3,000
300 - 10,000
700 - 7,000

500 -
300 •
200 •
200 •

1,000 -

7,000
7,000
2,000
3,000
7,000

TABLE 44.—Thorium in soils

[Explanation of column headings: Study No. refers to study described in text; method of analysis (in
parentheses) refers to method listed la table 1. Ratio, number of samples la which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (—) in
figure column Indicate no data available]

Study
Mo. and

Sample, and collection locality method of Ratio
analvs is

Mean Devia-
tion

Error
Observed
range
(earn)

Uncultivated
Surface horizon; Powder River Basin,
Wyoming and Montana———— 25 (8) 48:48 9.4 1.26 5.3 - 15

STRCHT1DM, THORIUM



STATISTICAL STUDIES IN FIELD GEOCHEMBTftY

T«au «.—T*i m rmtt*. Mib. tmd ptmt ttk

x Scaty Bo. zafon to Mndy •oocriboa' la
lltta* la taklo 1. Ratio, •iiln of

to •••or of MI
error •ttrlbatai to laboratory

•vailatlo]
. UaAozo (—) ia

pi*. oa4 rolloctlaa loeolity

•tyolicc
1 (1) 1x30 00 <10 - 20

no*
no* MM. coxa floU;

filaelatai

floUt
laclatal Fcairia-

Plow MM.
Pcaizlo.

ttali;

Coloraii

u a)
15 (1)

17 (1)
17 O>

17 (1)
17 (1)

17 a)

i* a>

22 O)

U (1>u a>

•QO

2x30
3:30

1x10
1x10

1x10
lit

1x10 <10

9:1.140 <10

4xlM

2:3n
7x492

<10 - 20
<10 . 20

• 10
<10 - 100

<10 - 10
4 0 - 7 0

•40-30

4 0 - 5 0

4 0 - 3 0

40-15
4 0 - 2 0

Ovltl

;

Cloclatod

23 a>
23 a)
23 a)

2020

lit
1:27
1:3

1:47
1:4*

45
45
45

45
45

45
45
45

45
45

20
30
20

30
20



GEOCHEMISTRY OF SOME ROCKS. SOILS, AND PLANTS IN THE UNITED STATES

TAILE 46.—Titanium in rocks, unconsolidated geologic deposits, soils, and plant ash

FH3

[Explanation of coluon heading*: Study No. refers to study described in text; method of analysis (In
parentheses) refers to method listed In table 1. Ratio, number of samples In which the element was
found In measurable concentrations to number of samples.analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column Indicate no data available]

Sample, and collection locality

Study
No. and
method of Ratio
analysis

Mean
(DDB)

Devia-
tion

Error
Observed

rang*
foom)

ROCKS

Granite

Rhyolite

Arkose

Sandstone
Sauk sequence; Western United States-
Roubidoux Formation; Missouri——
Pope Megagroup;1 Kentucky———
Pennsy Ivan Ian; Kentucky———
Pennsy Ivan ian; Missouri, Kansas, and

Chert
Mississippian; Missouri, Oklahoma,

Shale
Sauk sequence; Western United States -

Upper Mississippian; Kentucky——
Mississippian; Missouri, Oklahoma,

Fennsylvanian; Missouri, Kansas, and
Oklahoma

Black shale
Devonian and Mississippian; Kentucky-

Limestone and dolomite
Sauk sequence; Western United States -
Sauk sequence; Missouri and Arkansas-

Pennsy Ivanian; Missouri, Kansas, and
Oklahoma

1 (1)

1 (1)

2 (2)

3 (16)
« (1)
5 (16)
5 (16)

6 (1)

7 (1)

3 (16)
8 (16)
5 (16)

7 (1)
5 (16)

6 (1)

9 (2)

3 (2)
4 (1)
5 (I)

10 (1)
5 (1)
5 (1)
5 (1)

6 (1)

30:30

30:30

80:80

373:400
12:12

120:120
152:152

32:32

20:20

336:336
76:76

142:142

18:18
152:152

32:32

88:88

375:392
47:48
80:80
10:12

112:112
152:152
80:80

32:32

1,200

1,400

600

570
83

1,800
2,200

2,200

20

3,900
3,600
4,700

2.300
5,700

4.200

3,900

170
34

390
31

280
140
810

180

1.83

1.47

1.79

4.21
5.63
1.75
2.15

2.79

5.15

1.66
1.55
1.23

1.76
1.21

1.41

1.30

3.49
4.96
2.47
8.60
2.99
2.90
2.74

3.16

1.10

1.10

1.26

1.76
1.29
2.45
1.39

1.29

1.29

1.23

—-•

1.17
1.05

1.17

1.15

1.22
1.38
1.48
1.38
1.37
1.50
1.31

1.38

500 -

700 -

180 -

<60 -
20 -

480 -
120 -

70 -

2 -

600 -
1,000 -
2.200 -

700 -
2,400 -

2,000 -

1,300 -

<20 -
<2 -
50 -
<2 -
50 -
10 -

100 -

30 -

5,000

3,000

2,900

17,000
5,000
5,900
6,600

7,000

200

17,000
6,600
7,200

5.000
13,000

5,000

7,400

2.800
200

2.000
500

3.000
2.000
3.000

1.000

Of Svaim and Willman (1961). TITANIUM
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if ttpotiU. totit, mmd plan

forty

plo, OB* collorrloa locality

Sifarlto
11 a) 30s30 730 2.0t — ISO - 3.000

1.11
1.11

1.11
1.11
1.11

700 -
1.000 -

1.000 •
1.000 -
1,000 -

2.000
3.000

2.000
2.000
2.000

13 24:24 3.800 1.37 — 2.000 • 7.000

fioli;

Clael FrUxlo-

Oik-fcichary fame—~~
How SOM. Mytaia fl«U;

Flow

Mil

14 (1)
U (1)

17 a>
17 (1)
17 a)
17 (1)

lute.

CoocgU-

2s a>
u a>is a>
18 (U)
19 (16)

30s 30
30x30

•si
10:10
10:10
10:10

10s 10
10:10
•sB
9:9

10:10
10s 10
10:10
10:10

1.900
3.200

2.200
2.700
3.100
3,400

1.100
2.600
3.100
4.000

1.700
2.700
3,700
2.900

1.3*
1.41

1.49
1.35
1.49
1.35

1.34
1.36
1.42
1.31

1.34
1.39
1.30
1.29

.36
36
36
36

.36

.36

.36

.36

.36

.36

1.000
2.000

1.500
2.000
1.500
2.000

1.000
2.000
2.000
3.000

1.000
1.500
3.000
2.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

,000
,000
.000
.000

16 (1) 1,140:1.140 3.300 1.31 1.20 1.500 - 7.000

4B:4»

30:30
30:30
96:96
108:108

1.900 1.21

1.700
2.900
6.600
5.600

1.94
1.50
1.31
1.13

1.12

1.04
1.07

1.500 - 3.000

700
700

2.700
3,700

7.000
5.000
12.000
7.800



GEOCHEMISTRY OF SOME KOCKS. SOILS, AND PLANTS IN Hit, UNH I .:> STATES

TA»Lt -16.—Titanium in rocks, timoniolidated geologic depotits, toils, *nii pl»nt«.». — Continued

F145

Sample, and collection locality

Study
Mo. and
Mthod of
analysis

Ratio1; Mean
(PMI)

Devia-
tion^

Error
Observed

ranee

SOILS—Continued

Uncultivated—Continued
B horizon; Georgia—

B horizon; Kentucky——
B horizon; Missouri

Floodplain Forest——
Glaciated Prairie——--
Unglaciated Prairie——
Cedar Glade •
Oak-hickory Forest—
Oak-hickory-pine Forest-

C horizon; Georgia--

C horizon; Kentucky-

14 (1)
15 (1)
18 (16)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

14 (1)
15 (1)
18 (16)

Cultivated and uncultivated
Surface horizon; Colorado 22 (1)

B horizon; Western United States 21 (1)

30:30
30:30
96:96

50:50
50:50
50:50
50:50
50:50
50:50

30:30
30:30
96:96

168:168

491:491

1,800
3,600
6,100

2,600
3,700
3,900
1.900
3.500
3.300

2,100
3,600
5,200

1,600

2,100

1.64
1.55
1.33

1.51
1.30
1.34
1.43
1.44
1.61

1.65
1.47
1.40

1.58

1.82

1.04

1.19
1.19
1.19
1.19
1.19
1.19

1.04

1.22

700
1,000
2,600

1,000
3,000
3,000
700

1,500
1,000

700
1.500
1.600

500

500

7.000
7,000
11.000

5.000
7,000
7,000
3.000
7,000
7.000

10,000
7,000

10,000

3,000

10,000

PLAHT ASH

Cultivated plant*
Asparagus; Wisconsin—.............. 23 (l) 5:5 180 1.16
Bean, lima; Georgia-—— —• 14 (1) 26:30 8.3 3.93
Bean, map; Georgia — 14 (1) 30:30 73 2.69

15 (1) 30:30 70 2.59

Beet, red; Wisconsin — —- 23 (1) 3:3 27 2.65
Blackeyed pea; Georgia — 14 (1) 29:29 37 2.53

15 (1) 4:4 18 2.96
Cabbage; Georgia • — 14 (1) 28:28 85 2.37

15 (1) 30:30 250 2.82

Cabbage; Wisconsin 23 (1) 11:11 25 3.77
Carrot; Wisconsin 23 (1) 8:8 28 2.67
Corn; Georgia —— — 14 (1) 26:29 20 5.00

15 (1) 29:30 21 3.79
Corn; Missouri

Floodplain Foreat——............ 17 (i) 3:8 ^
Glaciated Prairie——————— 17 (1) 2tlO «
Unglaciated Prairie—— 17 (1) 3:10 <S

Corn; Wisconsin— ............... 23 (i) 26:27 20 2.1i

Cucumber; Wisconsin—————— 23 (1) 4:4 19 1.72
Onion; Wisconsin • — 23 (1) 7:7 41 2.92
Pepper, tweet; Wisconsin———— 23 (1) 4:4 110 1.82
Potato; Wisconsin— --.—~— 23 (1) 10:10 18 2.87

150 -

3 -
5 -

10 •
5 -
5 -

15 -
15 -

7 -
10 -

<2 -

10
10
50

7

200
200
500
700

70
200
700
700

1,500

700
200
500
300

700
10

200
150

30
200
200
200

THAHIDM
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$0*7

aat collacriaa locality

felt*

Uciacai rzalrli
-17 a>
- 17 (1)
-17 a>
- 17 (1)

.; mull i* a>is a>

Clato-
CUciatai Fnirl*-

taixl*—

OBk-fcichocy

•UlHij,

Home-
Fansc-

— 20 a)
— 24 (1)
— 24 a)
— 24 a)
•— 24 a)
— 24 (1)

— 18 Q)
19 (2)

—18 a)
19 a)

— 20 a>
— 20 (1)

Hapla. *•*.

•lack;

PMC; C«4ar CUd*. HUwMrl-

- « a>
19 (2)

•- 20 a)

2:10
6:10
5:1
•s9

29:30
24:30

30:30
30:30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
41:41
30:90
49:49
41:41

50:50
9:9

10:10
10:10
10:10

5
4.7

11

32
5.6

40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50

130
110
170
140

150
140
200
240

910
1.200
710

1.200
1.000

330
*30
420
250
300
210

120
91

130
110

110
120

M
93

140
210

110
80

220

2.33
3.47

4.31
4.2S

l.K
2.37
1.92
1.95

l.U
i.a
2.22
2.23

1.57
1.76
1.51
1.73
1.91

1.73
1.79
1.30
2.04
2.32

1.91
1.43
1.60
1.45

1.92
1.57

1. 81
1.85
2.33
1.84

1.53
1.23
1.75

« -

« -
« -

1.49
1.49
1.49
1.49
1.49

1.49

1.37
1.10
1.37
1.10

1.49
1.49

1.36
1.10
1.49

SO
10
70
20

70
50
20
70

500
150
300
500
300

150
300
300
150

70
100

20
30
50
60

30
70

20
5

30
70

50
50
50

20
200

20
100

700
70

700
700

1.500
500

700
500

1.500
2.000

3.000
3,000
2.000
3,000
3.000

1.500
1.500
1.500

300
700

1.000

1.000
220
500
250

200
200

300
700
700

1.000

200
110
500



GEOCHEMISTRY OF SOME ROCKS, SOILS. AND PLANTS IN THE UNITED STATES

TAILE 46.—Titanium in rocks, tmconsolidtted geologic deposits, soils, and plant ash—Continued

FH7

Staple, mad collection locality

Study
No. and
Mthod of
analysis

Ratio Mtan
fppa)

Devia-
tton

Error
Observed

rang*
(PPB)

PIANT ASH—Continued

Native species--Continued

Oak, white; Missouri

Oak, willow; Floodplaln Forest,
Missouri

Pine, shortleaf; Oak-hickory-pine

^ • * »—•-—• • /*.».-•.•<» 4 A

Sumac, winged, stems; Georgia--———

Sumac, winged, leaves; Georgia———

Sumac, smooth; Missouri

Glaciated Prairie-

Cedar Glade — — ..—.—.

Sveetgum, leaves; Georgia— -— — —

Sweetgum; Floodplain Forest, Missouri

18
19
18
19

20
20

20
14
15
14
15

20
14
15

15

14
15
14
15

20
20
20
20
20
20

14
15
14
15
20

(1)

(1)
(2)

(1)
(1)

(1)
(1)
(1)
(1)
(1)

(I)
(1)
(1)
f* \
\~f

(!)

(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)
(1)
(I)

(1)
(1)
(1)
(1)
(1)

28:28
8:8

49:49
75:75

50:50
49:49

46:46
29:29
30:30
30:30
30:30

49:49
17:17
27:27
1 7»17* f • A /

27:27

30:30
30:30
30:30
30:30

48:48
50:50
49:49
49:49
50:50
49:49

28:28
27:27
28:28
27:27
47:47

81
78

120
89

160
ISO

190
96

100
130
150

630
320
200
4f\A
<9W

280

150
110
200
250

98
120
120
94

130
170

77
69

120
140
120

1
1
1
1

1
1

1
2
2
2
1

2
2
3

2

2
2
2
2

2
1
1
1
2
1

1
2
1
2
2

.99

.25

.87

.31

.68

.68

.72

.09

.18

.27

.99

.07

.09

.64
1 7• x /

.42

.27

.09

.01

.47

.54

.65

.99

.77

.15

.89

.84

.40

.94

.09

.02

1.36
1.10
1.36
1.10

1.49
1.49

1.49
--

—-•
~

1.49

—
—*™

—
..
--

—
—1.49

1.49
1.49
1.49
1.49
1.49

—
—
—
—1.49

10
50
10
50

50
70

70
<2
20
5

50

200
70
15

30

20
30
70
20

10
20
20
30
30
50

30
7

30
30
30

-
-
-
-

-
-

-
-
»
-
•

-
-
-

-

.
•
-
-

-
•
-
-
-
-

.
-
-
-

—

1.

I,

1.
3,

1,

2,
1.
2.

9

1,

1.
1.

1.

1.

300
100
000
200

700
000

000
000
300
700
000

000
500
000
C AA
JW

500

700
700
500
000

700
300
000
300
700
500

200
300
700
700
700

TXXANXDM
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TAKC47.—1

flavn

llama: Sta*y Bo. rofora to acady daacribad la toxt; aacaod of aaalyaia (la
ithod Ifetoi la toklo 1. latio. matin of aoapln la vhlck tho oloant w>

of »oaplo« ojulynd. MMB, cooaotrlc arnoa. Deviation,
attributed to laboratory •rocaourai. toadora (--) la

eolloctioa locality

"U (1) 1x492 <XOO <100 • 1,000

; Caorxij

u a>
U (1)u a)

1:17 OO
l:2t 00
1:21 00

OO - SO
00 - 30
OO - 70

TMU

la toxt;
10 1. EStiO. OMOOT Of

of ooaplo* OB«lyso4.
•tcritatod to lakorotory <->

o>i collogtioB locality

Bivor
- 23 (•) 4C:4 3.0 1.2* — 1.7 - 7.0



GEOCHEMISTRY OK SOML iiOCkS, iOILS. ANU PLANTS IN THE UNITED STATES

TASLE 49.—Vanadium in rocks, unconsolidiued geologic deposits, soils, tnd plant ash

FH9

[Explanation of coluna heading*: Study No. refers to study described in text; Method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of staples in which the element was
found la measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (-•) in
figure column indicate no data available]

Sample, and collection locality

Study
Mo. and
method of Ratio
analysis

Mean
(ooa)

Devia-
tion

Error
Observed

range
fDpm)

ROCKS

Granite

Rhyolite

Arkose

Sandstone
Sauk sequence; Western United States-

Pennsylvanian; Missouri, Kansas, end

Shalt
Sauk sequence; Western United States*

Hlssissippian; Missouri, Oklahoma,

Pennsylvanian; Missouri. Kansas, and

Black shale
Devonian and Mississippian; Kentucky-

Limestone and dolomite
Sauk sequence; Western United States*
Sauk sequence; Missouri and Arkansas-

Lover Mississippian; Kentucky——

Mississippian; Missouri, Oklahoma,

Pennsylvanian; Missouri. Kansas, and

Slderitc
Upper Paleozoic; Kentucky——————

1 Of Swam and Willman (1961).

1 (1)

1 (1)

2 (2)

3 (2)
4 (1)
5 (2)
5 (2)

6 (1)

3 (2)
8 (2)
5 (2)

7 (1)
5 (2)

6 (1)

9 (2)

3 (2)
4 CD
5 (1)

10 (1)
3 (I)
5 (1)

7 (1)
5 (1)

6 (1)

11 (1)

10:30

14:30

80:80

387:400
5:12

109:120
149:152

32:32

336:336
76:76

142:142

18:18
152:152

32:32

76:88

285:392
29:48
58:80

4:12
101:112
134:152

25:40
77:80

29:32

29:30

<t

<7

24

11
5.3

16
20

38

74
110
100

120
110

140

400

14
6.5

16
3.9

26
24

7.5
40

15

33

1.75

2.40
1.43
2.22
2.18

2.24

1.68
1.61
1.40

1.87
1.52

1.36

2.34

2.39
1.70
1.70
2.42
2.26
2.15

2.11
1.87

2.29

2.16

• e»

1.16

1.44
1.06
1.43
1.20

1.06

1.13

1.14
1.11

1.14

1.10

1.20
1.22
1.25
1.22
1.29
1.26

1.22
1.36

1.22

<7

<7

8

<2
<7
<6
<S

7

15
40
34

50
25

70

120

<10
<7

<L5
<7

<15
<15

<7
<15

<7

<15

30

70

96

270
10

290
78

150

310
390
230

500
250

200

- >1,100

150
50
50
15

150
200

70
100

50

150

VAHAonm
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Bcvia-

•- u a>
12 (1)
12 (1)

u a>

24:24
24:24
24:24

24:24

110
M

99
130
130

§3

1.42
1.66

1.27
1.32
1.33

.18
II

II
.11
.IS

1.22 ~

70
30

70
70
70

70 -

200
150

150
200
200

150

17 (1)
17 (1)
17 (1)
17 a)

FcUric
Oak-hlctary VOVMC

baOKkr

Pnlrte-

25 a>
14 a>
IS (1)
IS (2)
19 C2)

14 a>
IS (1)
IS (2)

20 (1)
20 (1)

30:30
30:30

S:S
10:10
10:10
10:10

10:10
10:10
S:S
9:9

10:10
10:10
10:10
10:10

20
65
52
S4
U
7S

42
93
n
to

7S
M
13

It (1> 1.140:1.140 69

4S:4S

2f:30
30:30
96:96

108:108

26:30
30:30
96:96

50:50
50:50

77

15
57
42
48

16
66
S3

64
110

1.92
1.38

1.74
1.21
1.26
1.35

1.65
1.16
1.47
1.19

1.49
1.33
1.29
1.18

1.50

1.36

2.14
1.58
1.52
1.37

1.90
1.40
1.54

1.87
1.34

1.16
1.16
1.16
1.16

1.16
1.16
1.16
1.16

1.16
1.16
1.16
1.16

1.25

1.21

1.04
1.08

1.04

1.18
1.18

10 -
30 •

20 •
70 -
50 -
50 -

15 -
70 •
SO -
50 -

20 -
50 -
50 -
SO •

15 -

30 -

15
15
U

<3
30
22

15
70

100
100

100
100
100
100

70
100
150

70

70
100
100

70

ISO

150

150
100
120
130

70
100
260

150
150
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TABLE 49.—Vanadium in rocks, unconsolidated geologic deposits, toils, *nd pltnt tsh—Continued

F151

Sample, and collection locality

Study
No. and
method of
analysis

Ratio - ' Mean
toom)

Devia-
tion

Error
Observed

range
(DDB)

SOILS ••Continued

Uncultivated --Continued
B horizon; Missouri— Continued

Cultivated and uncultivated

20 (1)
20 (1)
20 (1)
20 (1)

14 (1)
15 (1)
18 (2)

22 (1)

21 (I)
21 (1)

50:50
50:50
50:50
50:50

26:30
30:30
96:96

168:168

356:371
492:492

92
59
53
37

25
77
84

54

46
66

1.39
1.58
1.48
1.70

2.43
1.36
1.70

1.88

2.41
1.91

1.18
1.18
1.18
1.18

1.04

1.21

50 -
20 -
20 -
15 -.

<5 -
10 -
19 -

15 -

<3 -
7 -

150
150
100
100

70
50

320

200

300
500

PLANT ASH

Cultivated plants

Corn; Floodplain Forest, Missouri-—

Native ipeciei

Buckbuth; Missouri

Ctdar; Mis four 1

23 (1)
15 (1)
1* (1)
15 (1)
14 (1)

14 id)
15 (1)
17 (1)
14 (1)

14 (1)
15 (1)
14 (I)

14 (1)
15 (1)
14 (1)
15 (1)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

20 (1)
1L t\\

2:6
1:30
1:30
1:30
1:29

3:30
5:30
1:8
3:30

4:30
4:30
2:30

7:30
6:30
2:30
7:30

47:47
48:48
50:50
49:49
41:41

17:50
7.O

<5
<5
<5
<5
<5

<S
<5
<S
<S

3
6.7

<5

6.9
7.0

<S
5.8

22
23
14
19
18

2.6
IA

•»•

• e»

mm

3.45
1.68

2.24
1.98

«»e»

2.80

1.48
1.55
1.52
1.50
1.63

3.08
i.fti

mm

mm

<S -
<S -
<s •
<S -
<5 -

<3 •
<3 -
<5 -
<3 -

<5 -
<3 -
«3 •

<5 -
<3 -
<3 -
<5 -

10 -
10 -
5 -

10 -
7 -

<S -
*s .

20
30

700
200
20

20
50
15
30

X
20
50

30
20
50
50

50
50
30
50
50

20
in
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TMU«b-T*M

OB* collactta* locality of
ul»a4a

Dovia
n

- Error

Oak. Mack; B
Oak. n*:

«••.
•U

;C*arcU

24 a)

u a>
15 (1)
u a>
15 (1)

M (1)
u a>u a>
14 (1)
15 (1)
14 (1)
is a>
20 a>u a>
15 (1)u a)
14 a>
15 (1)
u a>
u a>

SxlO
3:10
1:*
1:40

4x30
1:30
2x30
2x30

1:25
1:27
3x4»

4s29
St30
Is 30
4x30

41x4*
10x17
fs27
$:17

3x30
2x30
3:30
7:17

3x21
1x28
2x27

t.t
1. 1

<5

4.6
<3

<3
<S

t.O

4̂.0

10
IS
7.4
7.0

<3
«

ft.2

4.0
«
<3

2.23

2.3S

«-
<s -
« •

<3
<3

2.35
2.07 ~

2.45 ~

2.12 —
1.S3 ~
3.13 ~
2.fS —

2.59

2.45

^ -

<s -

30
IS
10
10

20
20
30
30

15
20
20

20
20
30
X

30
SO
70
50

30
30
50
30

20
20
30



GEOCHEMISTRY OF S()%fE ROCKS, SOILS, AND PLANTS IN THE UNITED STATES

TAILE 50.—Ytterbium in rocks, uncoruolidated geologic deposit!, toils, and plant asH

F153

[Explanation of column heading*: Study Mo. refers to study described la text; method of analysis (in
parentheses) refers to method listed in table 1. Ratio, number of samples in which the element was
found in measurable concentrations to number of samples analyzed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure column indicate no data available]

Sample, and collection locality

Study
No. and
method of
analysis

Ratio Mean
<Dom)

Devia-
tion

Error
Observed

range
(DOB)

ROCKS

Granite

•
Rhyolite

Sandstone
Pennsylvania*; Missouri. Kansas, and

Shale
Mississippian; Missouri, Oklahoma,

Penniy Ivan Ian; Missouri, Kansas, and

Limestone and dolomite

Mississippian; Missouri, Oklahoma,

Pennsylvanian; Kentucky—- — •- — —
Pennsylvania^; Missouri, Kansas, and

Siderite

1 (1)

1 (1)

6 (1)

7 (1)
5 (1)

6 (1)

5 (1)
8 (1)
5 (1)

7 (1)
5 (1)

6 (1)

11 (1)

ONCORSOLTDATB)

Carbonate residuum (terra rossa)

On Roubidoux Formation; Missouri-—-
On Jefferson City, Cotter, and Powell

Formations; Missouri and Arkansas --

On Meramecian rocks; Missouri——--

Loess

12 (1)
12 (1)

12 (1)
12 (I)
12 (1)

11 m

30:30

30:30

29:32

18:18
35:35

32:32

14:80
21:112
8:152

18:40
51:80

9:32

28:30

GEOLOGIC

22:24
18:24

18:24
24:24
24:24

2&.9A

6.9

7.7

1.9

2.3
3.8

3.4

<2
<2
<2

<1
<2

<l

3.4

DEPOSITS

1.5
1.3

1.3
2.6
2.5

n

1.24

1.31

1.98

1.93
1.32

1.49

1.80

1.64
1.60

1.61
1.98
1.93

9.7S

1.18

1.18

1.14

1.31

1.31

1.18
1.18

1.18
1.18
1.18

3 -

3 -

<1 -

1 -
2 -

2 -

<2 -
<2 -
<2 -

«a -
<t -
<i

<2 -

<l -
<1 -

<a -
i -
i -

9

10

15

7

10
5

7

2
7
2

3
10

2

7

7
3

3
20
10

7

YTTERB1DM
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(•••U. mt collectJOB locality

CBlC*

Flov

Flo* flaU;
•aat—•

Glaciate* ftairl*
Frairia-

Flav fiaU;

eij Pcairia—
Ftairla

Oak-ttcaacT
fiaU;

Clac Prairli
tairia-
ftCMt-

- u a>is a>
-17 a>
~ 17 O)
- 17 (1)

-17 a>-17 a>
- 17 (1)
-17 a>

17 a>17 a>
17 (1)
17 (1)

30:30
30:30

10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

.7

.8

.0

.7

.0

.5

.f

.7

.7

.7

.0

1* a) 1.138:1.140 3.2

1.7*
1.45

1.5*
1.22
1.24

1.41
1.14
1.30
1.31

1.47
1.3S
1.30
1.24

1.31

1.23
1.23
1.23

1.23
1.23
1.23
1.23

1.23
1.23
1.23
1.23

1.2S

1
1.5

J
2

1
2
3
3

1
2
3
2

20
7

.- 3

- S

- 3
- 3
- 5
- 5

- 3
- 5
- 5
- 5

- 7

•tor Bute.

flaaipUte
CfeclMta* Fnlrl*-

Fnlrl*

C

tele*

25

14

14
15

2020
2020
2020
15

(1)

(1)
a>
(1)
a)

a>a>a>a>
(1>a>
a>

22 a>
Stataa 21 a)

i 21 a)

47:47

30:30
30:30

30:30
30:30

41:50
50:50
50:50
4t:50
50:50
50:50

30:30

1*4:1M

299:317
4*9:478

1.8

.S

.5

.4

.1

.0

.4

.0

.8
2.4

28

2.4

3.0
3.0

1.31

1.95
2.01

l.ft*
1.97

1.5*
1.27
1.42
1.**
1.44
l.*9

l.*2

1.73

2.03
1.67

1.29

1.24
1.24
1.24
1.24
.24
.24

1

1 •
1 -

1 -
1.5 -

<l -
2 -
1.5 -

4
1 -
1 -

1 -

5

IS
30

10
50

5
5
7
7
5
7

70

1.31 <l
<1 50

20



GEOC: NllSTRY OF SOME ROCKS. SOILb. AND PLANTS IN THE U... i ED STATES

TASLE 50.—Ytterbium in rocks, unconsoluUted geologic deposits, soils, tnd plant «A—Continued

F155

Sample, and collection locality

Study
No. aid
method of
analysis

Katie Maan
(PDB>>

Davia
tiOD

Error
Observed
raaga
f BMB)

MAST ASH

Cultivated plants
Cabbage; Georgia- • 14 (1) 2:28 <2

15 (1) 2:30 <2
Corn; Georgia 14 (1) 1:29 <2

Native speciea
Black cherry, sterna; Georgia-—..... 14 (l) 3:30 <2

15 (1) 3:30 <2
Black cherry, laavea; Georgia 14 (1) 6:30 <2

15 (1) 4:30 <2

Blackgum, stems; Georgia 14 (1) 4:30 <2
15 (1) 3:30 <2

Blackgun, leavea; Georgia 14 (1) 5:30 <
15 (1) 3:30 <2

Buckbuah; Missouri
Glaciated Prairie 20 (1) 11:47 1.6 1.18
Unglaciated Prairie 20 (1) 18:48 1.7 1.21
Oak-hickory Forest 20 (1) 13:49 1.4 1.42
Oak-hickory-pine Forest 20 (1) 13:41 1.5 1.51

Hickory, pignut; Kentucky 18 (1) 32:64 1.8 1.98
Hickory, shagbark; Kentucky — 18 (1) 19:40 1.7 2.41
Hickory, shagbark; Missouri

Oak-hickory Forest 20 (1) 4:19 1.6 1.19
Oak-hickory-pine Forest 20 (1) 4:7 <.

Persianon, items; Georgia———-— 14 (1) 5:30 <2
15 (1) 1:30 <2

Persimmon, leaves; Georgia———— 14 (1) 7:30 ^
15 (1) 3:30 <3

Pine, short leaf; Oak-hickory-pine
Forest, Missouri 20 (1) 6:49 1.4 1.23

Sumac, winged, stems; Georgia— — — 14 (1) 3:30 ^
Sumac, winged, leaves; Georgia—— 15 (1) 6:30 ^

Sweetgum, stems; Georgia———— 14 (1) 6:28 ^
15 (1) 5:27 <t

Sweetgum, leaves; Georgia——— 14 (1) 6:28 ^
15 (1) 14:27 1.1 3.51

<2
<2
<3

<2
<2
<2

<2
<2
<2
<2

<2
<2

1.09
1.09

<2
<2
<2

<2
<2

<2
<2
<2
<2

30
5

500

5
3
7
3

7
5
3
3

2
3
3
3

7
10

2
7

7
3

20
2

3
300

7

7
3

300
7

YTTERBIUM
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TuuSL—I

laaatioa of
•) rafara co

la
aaviaciam.

fJaara co:

raters Co icacy coocrikod la coxc; aaChod of oaalyals (la
1. aaclo. avatar of ••>!•• ia vhica tao aloaaac VM

of aaaaloa aaalysoa. HMO., aaoaacric aaaa. Doviacioa,
•ccrOotorf Co laboratory procoaaraa. Laaters (—) la

follorrioa localley

•qwllta
30:30

2f7tM»
33:120

123:152

2S:32

67

9.4

11
12

1.32

1.42

2.45

2.79
2.23
2.27

2.14

1.15

1.15

1.54
1.21
1.45

l.M

30-100

20-100

<5 - 57

•0-140
<30 - 60
<7 - 87

•40 -50

OkU

a>

SCaCa*- 3 (2)
• (2)
5 (2)

-id)

1:20

292:33*
71:7*

130:142

It: IS
150:152

32:32

35
30
30

25
38

1.65
1.39
1.40

1.87
1.49

l.M

1.32

1.17

1.19
1.16

1.19

1.17

•00-15

OO - 200
OO - 81
•00 -94

10-150
-480

1 0 - 7 0

2 0 - 8 0

MtMlaalaaiaa; batacky-
•UaiMiaataa: laaracly-

lllaoiaaiaaiaa: maaaarl.a*a>^^«^^»«a^^^^ "̂Bi ava>^^^^^a)o>a>§)

raaaayl

Scacaa- 3 (1)
5 W•-10 a>• 3 a>

- s a>

29:392
11:80
1:12

21:112
t:132

34:40
50:80

14

<20
<20

17
20

1.22

1.97

•CO -

•00 -
•CO -

60
20
IS
70
20

1.09 CO - 70
CO - 500

Of



GEOCHEMISTRY OK SOME ROCKS. SOILS, AND PLANTS IN THE UNITED STATES

TABLE 51.—Yttrium in rocks, unconsolidated geologic deposit*, toils, anil plant ash—Continued

F157

Study
Mo. and

Sample, and collaction locality method of Ratio Mean
analysis (PPB)

Davla
tlon

Error
Observed

range
fpon)

ROCKS - -Cone inued

Limestone and dolomites-Continued

Siderite

0 \L)

11 (1)

13 :j*

25:30

UNCONSOLIDATED GEOLQG TC

Carbonate residuum (terra rossa)

On Jefferson City, Cotter, and Powell
Formations; Missouri and Arkansas—

Loess

12 (1)
12 (1)

12 (1)
12 (1)
12 (1)

13 (1)

16:24
14:24

13:24
24:24
23:24

24:24

o.u

37

DEPOSITS

10
10

10
27
27

32

4.J9

3.09

• •

1.58

2.62
2.54

1.41

I.VJF

1.15

1.15
1.15

*u.u

<20

<10
<10

•CO
10
<10

20

• »w

- 700

- 70
- 30

- 50
- 500
- 50

- 50

SOIL?

Cultivated

Plow zone, corn field; Missouri

Plow zone, soybean field; Missouri

Plow zone, pasture field; Missouri

Uncultivated
Surface horison; Fonder River Basin,

14 (1)
15 (1)

17 (1)
17 (1)
17 (1)
17 (1)

17 (1)
17 <1)
17 (1)
17 (1)

17 (1)
17 (1)
17 (1)

16 (1)

25 (1)

14 (1)
15 (1)

29:30
30:30

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10

1,138:1,140

48:48

29:30
30:30

22
25

16
22
25
27

15
21
32
27

15
22
31

32

17

21
26

1.99
1.44

1.46
1.26
1.37
1.35

1.43
1.30
1.35
1.37

1.43
1.58
1.36

1.35

1.28

2.04
1.83

•»•»

1.26
1.26
1.26
1.26

1.26
1.26
1.26
1.26

1.26
1.26
1.26

1.25

1.18

15

10
15
20
20

10
15
20
20

10
10
20

<ao

10

<10
10

- 200
- 50

- 30
- 30
- 50
- 50

- 30
- 30
- 50
- 50

- 30
- 50
- 50

- 70

- 50

- 200
- 150

YTTRIUM
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TuuSI—I

IMM*

FnlrlB—
taixt*-

!• (2)
» (2)

U (1)

20
20
20
20
20 a)
20 a>

(1)
a>a>

u a)
is a>
18 (2)

22 a)

96:96
108:108

30:30
30:30
96:96

48:50
90:50
30:30
49:50
50:50
49:50

29:30
30:30
96:96

159:1M

342: Ml
410:492

33
39

20
2*
28

23
30
37
22
27
22

25
21
26

18

23
25

1.2*
1.25

1.77
2.00
1.29

l.tt
1.30
1.35
1.79
1.50
1.69

2.30
1.57
1.48

1.77

1.93
l.M

1.08
1.09

1.08

1.20
1.20
1.20
1.20
1.20
1.20

1.08

1.37

19
17

10
10
12

•40
15
20

<ao
IS

•ao
10
9

60
66

100
500
58

50
50
70
70
70
70

200
50

100

•OO - 50

•CO -
200
150

•ichoxy.
(2)

2:30
1:29
3:28
4:30
2:30

7:30
9:30
8:30

10:30

6:30
5:30

14:47
17:48
16:49
17:41

56:64
84:88

<3
<3
<3
<5
<5

«3
<S

17
16
15
17

45
47

0 - 3 0
<5 - 20
<3 - 100
<5 - 30
<S - 30

<5 - 70
« - 70
<S - 150
<5 - 70

<3 - 70
<5 - 70

1.16
1.28
1.21
1.39

2.90
1.74

<20 -
<20 -

42Q .

50
30
30
X

1.23
1.02

•00-500
- 160
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TABU 51.—yttrium in neks, unconsolidated geologic deposits, toils, «nrf plant ash—Continued

F159

Sample, tad collection locality

Study
No. end
method of
analysis

*• ? '
Ratio Mean

(oom)
Devia- Error
tion

Observed
range
(DOB)

PLANT ASH— Continued

Native specie*-- Continued

Hickory, shsgbark; Missouri

._ IB n \
19 (2)

.. IB f1\

19 (2)

19 (2)

15 (1)
._ i/. fix

15 (1)

U /i \

15 (1)

34:40
19:20

14:19
7:7

5:25
3:22
8:27

12:49
3:74

7:30
4:30
8:30

10:30

5:30
9:30

6:28
7:27
7:28

41
35

23
46

2.1
<ao

?.2
3.0

<ao

<s
<s
<s
5.4

<3
<5

<5
<5
<3

3.14 1.23
1.48 1.02

1.69
2.11

5.40

5.89
4.52

3.38

<20 - 300
«31 • 78

<20 - 70
20 - 150

•CO - 30
<ao - 41
<10 - 100
<ao - so
<10 - 54

<5 - 300
<S - 50
<S - 300
<S • 30

<5 • 70
<5 - 150

<3 - 150
<3 - 50
<5 - 300

TAILE 52.—Zinc in rocks, uneonsolitkted geologic deposits, toils, tnd plgnt wA

[Explanation of coluan headings: Study No. refers to study described in text; method of analysis (In
parentheses) refers to method listed in table 1. Ratio, muter of samples ia which the element was
found In measurable concentrations to number of saaplaa analysed. Mean, geometric mean. Deviation,
geometric deviation. Error, geometric error attributed to laboratory procedures. Leaders (--) in
figure coluan Indicate no data available]

Sample, and collection locality

Granite

Rhyolite

Study
No. and
method
fTflY'l

... i f\\

of Ratio Mean Devia- Error
m foom) tion

ROCKS

M.1A K1 4 <9lk 1 AA:JO 51 2.29 l.O*

in. VI A9 t LI. 1 flA

Observed
rang*
fora)

- J1O

in - ion

TTTRIDM, ZINC
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I githgir tiponn. foitt. *U pttmt

locsllcy

Aria

•lack

3 (2)
* 0)

• O)

7 (J)

• a>s a>
7 01
5 (2)

* a>

t a>

- 3 a)
mt *!>••••- 4 (3)

1 10 (3)

- 7 (3)

* (3)

<50
S.2

31

2:12

27:32

5i20

4:7i
7:142 <300

55
00

82

<soo

8:392 <300
17:48 t.3
9:12 12

1.C1

2.t5

1.14

1.14

4:152

32:32

3.0f

1.47

1.08

1.08

530
12

<10 - 280

90

650
1.500

250
780

130

<500 •
<500 •

6 -
<SOO -

25 -

38:40

31:32

19

24

2.09
1.53

l.M

2.32

— <500 • 2^00

— <500 - 1.300
1.72 • -40 - 50
1.72 <10 - 22

1.72 <10 - 100

1.72 <10 - 140

( TOMB)

City.
; UM

rocks; lilixml.

•- U (3)
~ 12 (3)

— 12 (3)
12 (3)
12 (3)

13 (3)

24:24
24:24

24:24
24:24
24:24

24:24

92
66

50
110
120

1.99
2.15

1.35
1.69
1.97

1.27

1.04
1.04

1.04
1.04
1.04

32 -
20 -

30 •
42 -

37 -

370
250

100
400

1.000

90

•OILS

fie* ; C«or*U- 14 (6)
15 (6)

1:30
29:30 64 1.82 —

<J5 - 700
- 1.000



GEOCHEMISTRY OF SOME ROCKS. SOILS. AND PLANTS IN THE UNITED STATES

TABU 52.—Zinc in rocks, unconsolidated geologic deposits, soil*, end pltnt uh—Continued

F161

Sample, and collection locality

Cultivated —Continued
Plow cone, corn field; Missouri

Floodplain Forest-————
Glaciated Prairie
Unglaciated Prairie
Oak-hickory Forest—————

Plow zone, soybean field; Missouri

Glaciated Prairie —
Unglaciated Prairie — —

Plow zone, pasture field; Missouri

Glaciated Prairie —

Uncultivated

'

B horizon; Missouri

Unglaciated Prairie
Cedar Glade —

Oak-hickory-pine Forest——

Cultivated and uncultivated
Surface horizon; Colorado——-—

B horizon; Western United States

Study
No. and
method of
analvsis

SOILS -

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

17 (3)
17 (3)
17 (3)
17 (3)

16 (3) 1

14 (6)
15 (6)
18 (3)
19 (3)

14 (6)
15 (6)
18 (3)

20 (3)
20 (3)
20 (3)
20 (3)
20 (3)
20 (3)

14 (6)
15 (6)
18 (3)

22 (3)

21 (6)
21 (6)

Ratio

•Con t iniifici

8:8
10:10
10:10
10:10

10:10
10:10
8:8
9:9

10:10
10:10
10:10
10:10

,140:1,140

7:30
29:30
80:96
89:108

3:30
28:30
86:96

50:50
50:50
50:50
50:50
50:50
50:50

3:30
30:30
86:96

168:168

314-371
481:492

Mean
(DDBI)

37
55
41
53

42
61
63
41

45
68
41
58

49

<25
40
27
26

<35
41

.36

54
67
51
54
36
30

<25
43
33

58

36
51

Devia-
tion

1.69
1.29
1.29
1.43

1.74
1.26
2.11
1.41

1.70
1.74
1.29
1.74

1.55

—1.64
1.43
1.46

..
1.61
1.55

1.67
1.44
1.41
1.71
1.59
1.62

..
1.59
1.74

1.70

1.89
1.78

Error

1.07
1.07
1.07
1.07

1.07
1.07
1.07
1.07

1.07
1.07
1.07
1.07

1.08

—
—1.04

1.08
_.

—1.04

1.12
1.12
1.12
1.12
1.12
1.12

..

—1.04

1.07

•»*»

—

Observe
range
(DDB)

"

13 -
34 -
30 -
31 -

16 -
45 -
41 -
26 -

20 -
37 -
31 -
27 -

18 -

<25 -
<25 -
<30 -
<20 -

<25 -
«35 -
^0 -

18 -
31 -
22 -
22 -
12 -
10 -

<25 -
25 -

<30 -

16 -

<S -
<10 - 2

d

62
74
57

100

74
92

360
65

147
300

66
235

640

50
100
75

135

25
75

110

153
194
116
275
190
138

50
100
180

300

400
,000

znc
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I gKlagif *«o«iii. toilt, •** plan i

ao4 colloctiom locality

Mat

: CM•xia— - —

23 W

15 (6)
14 (6)
15 (6)

23 (6)
14 (6)
15 (6)
14 (6)
15 (6)

Canoe;
— 23 (6)
— 23 (6)
— 14 (6)

15 (6)

ClarHtao" Fnirla-
Fsmirte-
Ivnot-

17 (3)
»7 (3)
17 (3)
17 (3)
23 (6)

Pnlrta
OBk-tlcbacy fbra*t~

17 (3)
17 (3)
17 (3)
17 (3)

••Civ*

14 (6)
U (6)

CUclatotf Ftairlo-
Frslrlo—-

Clato-

- 14 (6)
15 (6)

——~ 14 (6)
IS (6)

20 (3)
20 (3)
20 (3)

5:5
30:30
15:15
30:30
30:30

3:3
29:29
4:4

28:28
30:30

11:11
8:8

29:29
30:30

10:10
10:10
10:10
27:27

4x4
7:7
4x4
10:10

10x10
10x10
8x8
9:9

30x30
30:30

30:30
30x30
30:30
30:30

30:30
30:30
30:30
30:30

47:47
48:48
50:50

280
600
390
530
520

390
750
650
340
210

250
180

•50

1.700
l.KX)
1.900
1.900
1.000

310
330
260
2(0

•90
870

1.100
1.100

290
210

1.300
1.100

220
200

910
970
260
270

1.400
1.800
1.200

1.44
1.18
1.47
1.36
1.23

1.29
1.27
1.09
2.57
2.39

1.33
1.46
1.44
1.38

1.14
1.29
1.11
1.25
1.30

1.39
1.44
1.40
1.41

1.17
1.09
1.19
1.0*

1.40
1.39

1.59
1.64
1.66
1.38

1.65
1.47
1.39
1.37

1.48
1.79
1.40

200
400
200
200
300

400
1.000
700

1.000
800

1.11
1.11
1.11
1.11

300 -
400 •
600 -
100 -
100 •

100 -
100 -
400 -
600 •

1,400 -
1.200 •
1.600 •
1.400 •
500 -

200 -
200 •
200 -
200 •

500
1.200
700

5.000
6.000

400
300

2.000
2.000

2.200
2.800
2.300
2.500
1.600

400
500
400
400

1.11
1.11
1.11
1.11

1.21
1.21
1.21

.700
840

1.000
920

200
100

300
500
100
100

400
500
100
200

580
640
440

1.140
960

1.500
1.200

600
400

3.000
4.000
2.000
300

3,000
2.000
500
600

3.200
7.400
2.800

ZBC
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TABU 52.—Zinc in rocks, uncoiuulidatcd geologic deposits, soils, tnd plant AS/I—Continued

F16S

V

Sample, and collection locality

Study
No. and
nethod of . Ratio
analysis

Mean
(DOTS)

Devia-
tion

Error
Observed

range

PLANT ASH— Continued

Native species— Continued
Buckbush; Missouri— Continued

Oak-hickory-pine Forest———
Cedar; Missouri .

Cedar Glade
Glaciated Prairie —

Cedar Glade •

Oak-hickory-pine Forest— — —

Hickory, shagbark; Missouri

Oak, vhite; Kentucky — • --

Oak, vhite; Missouri

Oak, willow; Floodplain Forest,
Missouri

Pine, shortleaf; Oak-hickory-pine

Sagebrush; Powder River Basin,

Sassafras, stem; Georgia———-

20
20

20
24
24
24
24
24

18
19
18
19

20
20

14
15
14
15

18
19
20
18
19

18
19

20
20

20
14
15
14
15

20

25
14
15
14
15

(3)
(3)

(3)
(3)
(3)
(3)
(3)
(3)

(3)
(3)
(3)
(3)

(3)
(3)

(6)
(6)
(6)
(6)

(3)
(3)
(3)
(3)
(3)

(3)
(3)

(3)
(3)

(3)
(6)
(6)
(6)

(3)

(3)
(6)
(6)
(6)
(6)

49:49
41:41

50:50
9:9

10:10
10:10
10:10
6:6

60:60
88:88
40:40
20:20

19:19
7:7

30:30
30:30
30:30
30:30

25:25
22:22
50:50
27:27
9:9

48:48
76:76

50:50
49:49

46:46
30:30
30:30
30:30
30:30

49:49

48:48
17:17
27:27
17:17
27:27

1,400
1.400

310
640
740
320
480
380

1,500 .
1.000
1.600
1.000

1.500
1,600

480
690
450
570

540
430
300
460
410

430
400

320
350 f

440
790

1,100
170
200

1,200

421
1,600
1,300

550
460

1
1

1
2

.41

.53

.27

.02

1
1

1

.21

.21

.21

—1.54
1
1
1

1
2
1
1

1
1

1
1
1
1

1
1
1
1
1

1
1

1
1

1
1
1
1
1

1

1
1
1
1
1

.22

.67

.26

.75

.05

.72

.82

.65

.24

.40

.30

.41

.29

.65

.60

.43

.63

.37

.67

.57

.31

.39

.59

.46

.61

.58

.32

.41

.30

.94

.68

.67

.28

1
1

••

—
—.09
.15

1.09
1.15

1.21
1

1
1
1
1
1

1
1

1
1

1

1

.21

..

—
—
—
.14
.15
.21
.14
.15

.14

.15

.21

.21

.21
«

—
—
—
.21

—
—«

—
—

600
530

200
340
380
280
300
280

400
200
400
300

440
1,180

300
400
200
400

200
200
160
200
200

180
100

160
160

160
400
400
100
100

360

200
600
400
300
300

-
-

-
-
-
-
-
•

.
-
-
-

-
-

.
•
-
-

.
-
-
-
-

.
-

-
-

-
-
-
-

-

•

-
•
•
-
-

3,400
3.500

520
3.600
1,440

540
1.800

560

10,000
4,700
3,700
2.300

3,800
2,200

1,200
1.200
1.200
1,200

1.200
1.500

620
2.100

600

2.100
2.400

500
600

2.200
2,000
3,000

500
300

2.100

800
6,000
3,000
2,000
1,000

ZfflC
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i >»cto. -*•***** iMhfir tipnin. joifc

D*ri«-

4tl4I
50:30
49:49
49:49
30:50
49t49

2t:2S
27:27
28:28
27:27

900
300
200
200

300
SCO

i.n
i.n
1.21
i.n

160
360
1M

200
400
300

1.600
2.100

700
1.000

3.100
1.800
2.200
1.600
1.600
1.400

1.200
2.000
1.200
1.200

of Mlysis (la
idi Che •!•••£ vis

Dwriatioa.

l«Mllcy

a>

2 CZ)

• 3

30:30 140 1.56 1.39 70 - 500

30:30 200 1.76 1.39 20 - 500

80:80 55 1.72 1.37 18 - 170

400:400 74 2.49 1.42 10 - 880

znc. z:
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TABLE 55.—Zirconium in rocks, unconsolidmted geologic deposit!, soils, and plant ash—Continued

F165

Study
Mo. and

Sample, and collection locality method of
analysis

Ratio Mean
(DOB)

Devia-
tion

Error
Observed

range
(ppn)

ROCKS --Continued

Sand stone- -Cont Inued

Pennsylvanian; Missouri, Kansas, and

Chert
Mississippian; Missouri, Oklahoma,

Shale
Sauk sequence; Western United States- 3 (2)

Mississippian; Missouri, Oklahoma,

Pennsylvanian; Missouri, Kansas, and

Black shale
Devonian and Mississippian; Kentucky* 9 (2)

Limestone and dolomite
Sauk sequence; Western United States- 3 (2)
Sauk sequence; Missouri and Arkansas- 4 (1)

Mississippian; Missouri, Oklahoma,

Pennsylvanian; Missouri, Kansas, and

Siderite

12:12
120:120
152:152

32:32

3:20

327:336
76:76

142:142

18:18
151:152

32:32

88:88

231:392
21:48
55:80
4:12

47:112
34:152

18:40
58:80

25:32

23:30

22
130
120

170

1.1

190
150
180

95
230

110

140

23
7.2

32

12
6.5

6.7
42

14

32

1.63
2.04
2.44

2.28

6.90

1.98
1.96
1.62

2.00
1.63

1.48

1.25

2.21
1.98
2.28

6.12
3.79

4.79
2.77

2.28

2.47

1.32
1.34
1.30

1.32

1.32

1.15

1.46
1.13

1.46

1.10

1.19
1.15
1.52

1.19

1.15
1.33

1.15

10 -
21 -
2 2 - 1

30 -

<36 -
48 -
79 -

30 -
9 3 - > l

70 -

75 -

^25 •
^10 *
<20 -

<20 - 1
<20 -

<20 -

<0 -

<20 -

30
720

,000

700

30

840
770
720

300
,000

300

280

160
30

100
50

,000
150

30
200

70

150

UlfCOIfffO'li.AAXmmD fJIMJIfOG 1C* DEPOSITS

Carbonate residooa (terra rossa)
i»asconaae Formation; lUBsoun— -•• 14 \i)

On Jefferson City, Cotter, sad Powell
Formations; Missouri and Arkansas— 12 (1)

On Osagean rocks; Missouri———— 12 (1)

24:24
24:24

24:24
24:24
IL'tL.

61
67

65
67
A7

1.40
1.46

1.33
1.26
i •>•*.

1.20
1.20

1.20
1.20
i »n

30 -
30 -

30 -
50 -
«n .

150
150

100
100
inn

Of Swann and Willman (1961). ZIRCONIUM
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r tfpotitt, joih, m

aai callarttna locality Davla-

13 (1) 14x2* 230 1.32 190 - 300

•It

Cioctli

Claci Praixla-
iacac- train*-
Claic

25 a)

u a)
18 (2)
19 (2)

14 a)
U CD
18(2)

20
20
20
20
20
20

(1)
(1)
a)CD
O)
a)

30s30
30:30

•si
10:10
10:10
10:10

10:10
10:10

9:9

10:10
10:10
10:10
10:10

310
180

190
180
240
2(0

ISO
180
270
360

140
190
290
240

It a) 1.140:1.140 310

48:48

30:30
9t:M

108:108

30:30
30:30
9t:9«

50:50
50:50
50:50
50:50
50:50
50:50

150

2M

290
210
330

160
210
300
120
300
260

1.39
1.48

1.77
1.16
1.23
1.61

1.39
1.34
.37
40

30
29
30

1.33

1.45

1.60
.30
.34

.62

.51

.40

1.93
1.42
1.52
1.68
1.63
1.74

1.32
1.32
1.32
1.32

1.32
1.32
1.32
1.32

1.32
1.32
1.32
1.32

1.35

1.20

1.1A

ISO -
70 -

100 -
150 -
200 -
100 -

70 •
100 •
200 •
200 -

100 •
100 •
200 -
150 -

70 •

700
300

700
200
300
500

200
300
500
500

200
300
500
300

700

70 - 500

1.48
1.48
1.48
1.48
1.48
1.48

100
210
160

100
70
140

30
100
150
50
70
70

700
800
890

700
500
860

500
500
700
500
700
500

18 (2) 96:96 280 1.56 100 • 660
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TABLE 53.—Zirconium in rocks, uncontolidated geologic deposits, soils, and plant msh—Continued

F167

Sample, and collection locality

Study
Mo. and
Mthod of
analysis

Ratio Maan
(DDB)

Devia-
tion

Error
Obsarvad

ranga
fppm)

SOILS — Cont limed

Cultivated and uncultivated
22 (1)

21 (1)
21 (1)

168:168

371:371
491:492

135

250
170

1.80

1.95
1.78

1.29 46 -

3 0 - 2
<30 - 1

500

.000

.500

PUNT ASH

Cultivated plants

Corn; Flood plain Forest, Missouri--

Native species

Buckbush; Missouri

Cedar; Missouri

Hickory, shagfcaxk; Oak-hickory*pine

Mapla, rad, s tarns; Gaortla— • —-•«•-

14 (1)
15 (1)
14 (!)
15 (1)

14 (1)
14 (1)
15 (1)

14 (1)
17 (1)
14 (1)

14 (1)
14 (1)
15 (1)

14 (1)
15 (1)
14 (1)
15 (1)

20 (1)
20 (1)
20 (1)
20 (1)
20 (1)

24 (1)
24 (1)
24 (1)
24 (1)
24 (1)

20 (1)
14 (!)
15 (1)

1:30
1:15
5:30
1:30

1:29
6:28
9:30

1:29
1:8
1:30

3:30
7:30
1:30

7:30
4:30

15:30
11:30

47:47
48:48
48:50
49:49
41:41

8:9
10:10
5:10
8:10
3:6

2:19
3:30
1:30

<20
<20
<20
•CO

<20
<20
•30

•CO
<20
<20

<20
CO
CO

<20
<20

9.7
<20

69
85
44
79
66

44
44
18
29
17

7.6
<30
co

4.11

1.78
1.71
1.68
2.16
2.32

1.86
1.72
1.52
1.89
2.59

1.97
• •

•»»

• «•

• •

CO -
CO -
CO -
<20 -

00 -
CO -
<ao -
CO -
CO -
<20 -

<20 -
<30 -
<20 -

«30 -
<20 -
CO -
co -
20 -
30 -

<20 -
20 -
20 -

<20 -
20 •

co -
40 •
CO -

<20 •
•CO •
<20 -

70
50

150
30

20
700
500

20
20
20

30
70
30

50
30
70

150

200
200
150
500
200

100
70
30
70
70

30
30
20

ZIRCON nm
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tm*ERM-North Central, Inc.
Emrtranmtntal Rnoarcts Mqiragtmtnt

TO:

FROM:

DATE:

102 Wllmot Road • Suite 500 • Deerfleld, Illinois 60015 a (312) 940-7200

MEMORANDUM

Al Sloan
Karen Vendl
John Buck

Dave Schlott

March 17, 1989

SUBJECT: ECC - Response to 3/17/89 Conference Call Questions

Attached please find an evaluation of the impact of locating 20
verification borings thru the final cover detail. Balance of
information requested will be faxed on Monday.

cc: John Kyle
Tim Barker
Jerry Amber
Don Smith

An affiliate of the Environmental Resources Management Croup with offices in major cities
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ERM-North Central, Inc.
Environmental Rtioumn Hanogvimnt

102 Wlimot Road • Suite 300 • Deerfleld. Illinois 60015 a (312) 940-7200

March 21, 1989

Karen Vendl
Remedial Project Manager
USEPA
Region 5 (5HS-11)
230 South Dearborn Street
Chicago, IL 60604

RE: EnviroChem (ECC) Site

Dear Ms. Vendl:

Attached is the information requested during our telephone
conference on 3/17/89. We look forward to the meeting John Kyle
is setting up with you and the EPA's Innovative Technology group
for next week to discuss technical issues.

Sincerely,

ERM-NORTH CENTRAI- INC.

David A. Schlott

Al Sloan
John Buck

An affiliate of the Environmental Resources Management Croup with offices In major cities



ERM-North Central, Inc.

ATTACHMENT TO LETTER DATED 3/21/89

I. Vertical Movement of Water Through Cover System To The

Saturated Till

Calculations and assumptions are shown in Figure 1 attached.

II. Other Factors

Two additional factors influence the time required for
surface water to migrate through the unsaturated zone and to
a monitoring well:

(1) re-establishment of field moisture capacity; and

(2) horizontal movement of water in the native till soil.

Field moisture capacity (estimated at 15%-30% for soil
typical of the ECC site*) will be reestablished by water
infiltrating through the cover system and the soils
dehydrated by the vapor extraction process. Although the RI
esti;r.?t:ed the net lAfilWtwOn rate to be 7.8 inches per
year, the RCRA co«Aj>l<*~^" t_oi/e-r system will reduce the rate
of infiltration by 99*.

Regarding the horizontal movement of water in the till, the
RI states that the velocity at the ECC site ranges between
1.0 and 2.6 feet per year.

* Dragun, James, The Soil Chemistry of Hazardous Materials.
Hazardous Materials Control Research institute (1988)
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EXHIBIT A

ENVIRONMENTAL CONSERVATION AND
CHEMICAL CORPORATION (ECC) SITE

ZIONSVILLE, INDIANA

MARCH, 1989

PREPARED FOR:

ECC SETTLING DEFENDANTS

PREPARED BY:

ENVIRONMENTAL RESOURCES MANAGEMENT-NORTH CENTRAL, INC.
102 WILMOT ROAD, SUITE 300
DEERFIELD, ILLINOIS 60015

PROJECT NO.: 8076
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EXHIBIT A

1.0 INTRODUCTION

This document is a Remedial Action Plan (hereafter, "Remedial
Action Plan", "Exhibit A" or the "Document") and describes the
work to be performed at the Environmental Conservation and
Chemical Corporation ("ECC") Superfund site as required by the
1989 ECC Consent Decree ("Consent Decree" or "Decree"). This
document is attached as Exhibit A to, and is incorporated by
reference into and made an enforceable part of, that Decree.

The purpose of this Exhibit A is to set forth those remedial
activities to be performed at the ECC site necessary to achieve a
health-based cleanup so that the site will not, once the work is
performed, cause or present any risk to human health or the
environment. The settling defendants under the Consent Decree
("Settling Defendants") shall arrange to have the work required
hereunder performed by a Contractor or Contractors ("Contractor")
in accordance with the requirements and specifications set forth
herein.

2.0 REMEDIAL ACTION PLAN

This Remedial Action Plan (RAP) addresses, in a technically
feasible and cost-effective manner, all environmental concerns
regarding the ECC site, namely:

o Direct contact with soils containing volatile
organics (VOCs), base neutral/acid organics,

and heavy metals;
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o Contamination of ground water by
precipitation percolating through soils
containing VOCs, base neutral/acid organics,
and heavy metals;

o Contamination of surface waters by overland
migration of water in contact with soils
containing VOCs, base neutral/acid organics,
and heavy metals;

o Ingestion of ground water containing VOCs,
base neutral/acid organics, and heavy metals;
and

o Contamination of surface waters by discharge
of ground water containing VOCs, base
neutral/acid organics and heavy metals.

™" Additionally, the RAP complies with the Superfund Amendments and
Reauthorization Act (SARA) of 1986 by treating the contaminants
at ECC so that they do not present any current or currently
foreseeable future risk to health or the environment.

The RAP, which is described in detail in the following sections,
includes the components listed below:

o Soil vapor extraction, concentration, and
destruction;

o Installation of a RCRA-compliant cover;
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o Establishment of access restrictions; and

o Ground water and surface water monitoring.

The intent of this RAP is to provide for the implementation of a

comprehensive remedy that will remediate the site and will

constitute "clean closure" by removing and destroying wastes at

the site so as to preclude any risk to human health and the

environment through any media (air, soil, surface water, or

ground water) . The soil vapor extraction system to be

implemented under this Document will result in a cleanup level

for constituents of concern in the site soils so as to obviate

the need for ground water interception/collection systems at the

site. Specifically, the soil vapor extraction system has been

designed and will be operated to achieve Cleanup Standards (as

specified in Table 3-1 below) in the soil as well as in the

ground and surface water at the site that will protect human

health and the environment.

Design of the vapor extraction system in the area beneath the

concrete slab and placement of components of the RCRA-compliant

cover over the site in advance of the vapor extraction process

will prevent the infiltration of water beneath the concrete slab

and migration through the subbase of the concrete slab.

Surface water and ground water sampling will be conducted during

and after the operation of the vapor extraction system to verify

the effectiveness of the RAP.
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The components of the RAP as presented herein are compatible with
the proposed remedy for the adjacent Northside Sanitary Landfill
(NSL) site. As the remedial design is finalized for the NSL
site, the respective RAPs for ECC and NSL will be reviewed to
ensure compatibility of design and construction schedules for
each system.

2.1 Elements of the RAP

2.1.1 Soil Vapor Extraction, Concentration and

Destruction

The objective of the soil vapor extraction activity is to remove
and destroy existing VOCs from the soils (as provided herein) and
thereby:

o Prevent contact with contaminated soils;

o Prevent migration of contaminants from the
soils to the surface water and ground water;
and

o Prevent migration of contaminants from the
ground water to the surface water.

Enhanced soil vapor extraction has been selected as the
technology for removing the existing VOCs and certain base
neutral/acid organics of potential concern from the soils at the
ECC site. By systematically and uniformly moving air through the
zone of contamination, volatilization and hence removal of

organics are accelerated. For the ECC site, air movement through
the soil will be controlled by a network of vertical trenches
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installed throughout the zone of contamination. The process also

involves the continuous extraction of organics-laden air from the

trench system and treatment of the air by activated carbon to

remove the organics. The organics so collected will then be

destroyed off-site in conformance with applicable federal and

state requirements.

The effectiveness of vapor extraction for organics removal from

the ECC soils was demonstrated during a pilot test conducted by

Terra Vac in June; 1988. The description of the pilot test,

including the results obtained, was previously submitted to USEPA

and the State of Indiana, and is specifically incorporated by

reference herein and made a part hereof. The test showed an

initial high organics extraction rate of 1.9 pounds per day per

foot of trench that decreased over the course of the pilot test

to a steady state rate of approximately 0.25 pounds per day per

foot of trench. Although the Terra Vac pilot study provides the

foundation for the system designed herein for ECC, during the

conceptual and preliminary engineering phase, several engineering

and operational enhancements were developed which will improve

overall performance and effectiveness of the vacuum extraction

system to be implemented under this RAP. These system

enhancements are the result of consultations among ERM-North

Central, Inc., Midwest Water Resource, Inc. (MWRI), and Terra

Vac, Inc. A summary of the key improvements are:

o Virtual elimination of surface water

infiltration within the zone of

contamination;

o Substantial reduction in the volume of air

required for effective remediation;
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o Virtual elimination of atmospheric discharges
of treated extraction air;

o Positive control (collection and removal) of
any till moisture encountered in the zone of
treatment; and

o Uniform and essentially horizontal movement
of air through the zone of contamination
resulting in optimal air/organics contact
during operation.

The following discussion and drawings clearly illustrate the
design and operation details of the soil vapor extraction system.

The soil vapor extraction process is illustrated in Figures 2-1
and 2-2. The basic operation consists of extraction of air using
a single vacuum pump from a network of 29 extraction trenches
located throughout the site. Free liquid entrained in the air is
removed by gravity in an entrainment separator. Periodically,
water which accumulates in the entrainment separator is pumped to
an on-site storage tank for subsequent transport to an off-site
facility for treatment as necessary, in accordance with
applicable Federal, State and local regulations. From the vacuum
pump, air passes through the carbon adsorption system, which
consists of two upflow carbon columns connected in series. Off-
gasses from the carbon adsorption system are withdrawn by a pump
which boosts the pressure and reinjects air into a network of 26
injection trenches located throughout the site. Each injection

trench is located between and parallel to a pair of extraction
trenches. The injected air then migrates from the injection
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trench through the soil towards the extraction trench. As the

air migrates through the soil towards the extraction trench, the

organics are vaporized into the air stream. Components of the

RCRA-compliant cover will be placed over the entire trench

network to prevent air and water infiltration into the system

during operation.

The major system components are:

o Extraction and injection trenches;

o Soil vapor extraction system;

o Water collection system;

o Carbon adsorption system;

o Air injection system; and

o RCRA-compliant cover.

A description of the design and operational features of each of

these components is presented below.

Extraction and Injection Trenches

The area where remedial activity will occur is depicted in Figure

2-3. The west boundary of Area 1 encompasses the extent of ECC

activities as verified by an examination of aerial photographs

and coincides with a pre-existing earthen berm which formed the

western boundary of ECC's water containment system for this area.
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The layout and construction details for the network of 29
extraction trenches and 26 injection trenches are presented in
Figures 2-4 and 2-5. Trench spacing varies between 17 and 18
feet, and trench length varies depending on the configuration of
the site. The maximum length of any trench will be 165 feet.
Construction details of extraction trenches and injection
trenches are identical. By implementing minor above-ground
piping changes, injection trenches can and will be utilized as
extraction trenches. The work required under this RAP will
initially involve using the original extraction trenches for
extraction; at some point in the process, the extraction trenches
will be converted to injection trenches, and vice versa, to
ensure complete vapor extraction of the soil.

All trenches are to be a minimum of 9-feet deep as measured from
existing grade, and will be backfilled with washed "float11 stone.
The trench width will be 12-15 inches. The bottom elevation for
both injection and extraction trenches will be sloped at a
minimum of 1/16-inch per foot to a low point located at the water
collection pipe as noted in Section A-A of Figure 2-5.

Soil removed from the trench excavation will be spread over the
surface during construction of the cover system and covered in
accordance with the final RCRA-compliant cover detail illustrated
in Figure 2-5. Soil removed from the trenches constructed in the
areas of the concrete pad (Area 3) will be spread over the
surface in Areas 2 and 3 with trench spoils from those areas.

Each trench will be equipped at one end with a vapor extraction
pipe and a water collection pipe as illustrated in Section A-A of

Figure 2-5. Both pipes will be 4-inch diameter, Schedule 40 PVC.
Each pipe segment will be equipped with pressure/vacuum
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indicator, isolating valve and sample tap. A "T" at the top of
the water collection pipe will permit the future installation of
air piping to air lift water from the trench network, if
necessary. Individual 4-inch, Schedule 40 PVC pipes will be
routed from each extraction trench to the extraction module. The
extraction module will be located adjacent to the existing
concrete pad near the site entrance. Alternatively, two or three
extraction trenches will be manifolded together and conveyed to
the extraction module via a 4-inch, Schedule 40 PVC pipe.
Injection trench piping is identical to the extraction trench
piping and, as previously described, will permit it to be
utilized as an extraction trench during the operation of the
vapor extraction system. To minimize field piping from the
extraction module to the injection trenches, 4 to 8 injection
trenches will be manifolded together. Four-inch, Schedule 40 PVC
pipe will be used to convey air returned from the extraction
module to the injection trench.

The EPA Sump will be backfilled with the material used to
backfill trenches (i.e, float stone) and a 4-inch PVC pipe will
be installed between the sump and the nearest extraction trench,
thereby tying the EPA Sump directly into the vapor extraction
system. The existing 20 ft. x 20 ft. sump will be handled
similarly, and will be dewatered prior to installing the RCRA
compliant cover system.

Soil Vapor Extraction System

The vacuum pump will have a capacity of 500 standard cubic feet
per minute (SCFM) and will be capable of developing a vacuum of

18 inches Hg. The normal operating vacuum will be 12 inches Hg.
Based on MWRI's experience with soils characteristic of the ECC
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site and on the Terra Vac pilot study results at the ECC site,

the zone of influence at the operating vacuum will be at least 40

feet (20 feet either side of the trench) . The selected spacing

between trenches of 17 to 18 feet is well within this zone of

influence. The vacuum will be applied at the trench outlet and

will be uniformly distributed throughout the entire length and

vertical dimension of the trench. The highly porous backfill

material used will assure this uniform distribution of vacuum

throughout the extraction trench. The reinjection pressure of

air in each adjacent injection trench will be approximately 37.4

inches Hg (1.25 atm). Therefore, the pressure differential and

driving force for air movement between injection and extraction

trenches is approximately 19.4 inches Hg (0.65 atm).

The selection of the design air volume of 500 SCFM is based upon

MWRI's experience and is consistent with pilot plant test results

(by Terra Vac). The criteria established is to provide at least

one air volume change per soil pore volume per day. Based upon

an area of treatment of 150,000 square feet, a depth of

contamination of 9 feet, and a soil porosity of 10%, 500 SCFM

exceeds the MWRI criteria by 400%.

The vapor extraction process will operate continuously and will

shut down automatically only in the event of an operating problem

or malfunction. The following are conditions which will shut

down normal operating sequence of the vapor extraction system:

o High vapor temperature prior to activated

carbon treatment (to be established by

activated carbon vendor selected);
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o Low vapor temperature prior to activated
carbon indicating high relative humidity (to
be established by activated carbon vendor
selected);

o High water level in water entrainment
separator indicating operating problems with
liquid transfer operation;

o High water level in ground water storage
tank;

o High or low pressure conditions on vacuum or
pressure pumps (to be established by vapor
extraction system vendor selected); and

o Power interruptions for the site.

During normal operation, vapor extraction will be stopped to
facilitate carbon vessel change out as described later in this
section and during transfer of water from the entrainment
separator to the on-site ground water storage tank.

The air extracted from the system will be continuously monitored
by in-line instrumentation as shown on the process flow diagram
(Figure 2-2) and described on Table 2-1 (Instrument Summary
Sheet). The capability will exist to sample individual trench
exhausts or the combined air stream. Sample taps will be

provided to collect vapor samples for detailed chemical analysis.

The on-line instrumentation will consist of a photoionization
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detector (PID) and moisture analyzer. The vacuum pump, controls

and instrumentation are located in the extraction module

building.

Water Collection System

The high vacuum vapor extraction system selected will be capable

of entrainment and movement of water which accumulates in the

extraction trenches. Any free liquid in the extracted vapor will

be separated by gravity in an entrainment separator located in

the vapor extraction module building. A level control system

will be utilized to control the removal of water which

accumulates in the entrainment separator as required. The

separator tank is equipped with a vacuum breaker system which

will open the tank to the atmosphere to permit water to be

transferred by pump from the separator to an on-site water

storage tank as necessary. The time required to make this

transfer will depend upon the equipment supplied by the vapor

extraction system vendor selected. The size of the tank will

depend upon the off-site handling/treatment option selected. The

tank will be equipped with level measurement and control to

advise operating personnel to the status of liquid accumulation

in the storage tank.

Periodically, the contents of the water storage tank will need to

be removed. The removed water will either be sent to the

Indianapolis POTW via the NSL pipeline or truck, or to another

off-site facility for handling and treatment as necessary, in

accordance with applicable Federal, State and local regulations.
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Carbon Adsorption System

From the water entrainment tank, the air passes through a
particulate filter preceding the vacuum pump. The exhaust from
the vacuum pump will be piped directly to a two-stage carbon
adsorption system (primary and secondary). This system will
consist of two vessels in series each containing approximately
1,800 pounds of granular activated carbon. The organics
contained in the extracted air will be adsorbed on the activated
carbon. The moisture content of the air stream will be less
than 50% relative humidity and temperatures will be approximately
150°F, both acceptable for efficient operation of carbon
adsorption.

During the initial phases of operation, when organics
concentrations in the air stream will be highest, the carbon
capacity for the organics is expected to be about 25% by weight.
During the latter phases of remediation as organic concentration
of vapor decreases, the projected carbon capacity for organics
will range between 10-15% by weight. Based upon an assumed total
mass of organics of about 5,000 pounds (Appendix A), the total
quantity of activated carbon required for the entire remediation
program is 25,000 pounds. This equates to fourteen 1800-pound
carbon vessels for the entire program.

The vapor from the primary carbon vessel will be monitored
frequently (approximately once per hour) by an on-line PID
analyzer. When the PID analyzer detects organic vapor in the air
stream between the primary and secondary carbon vessels, the
vacuum extraction system will shut down automatically to permit

the removal and replacement of the "spent" primary carbon vessel.
An operator will be alerted to this condition, and will
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disconnect the primary carbon bed from the service. The spent
carbon vessel will be removed and replaced by a carbon vessel
containing fresh activated carbon. The unit previously serving
as the secondary carbon bed will become the primary carbon bed
and the unit just placed in operation will be the secondary
carbon bed. Once this switch is complete, the soil vapor
extraction system (i.e., vacuum pump and injection pump) will be
restarted, and the system operation resumed. The arrangement of
two activated carbon vessels in series (i.e., primary and
secondary) will permit optimal utilization of the activated
carbon, and efficient capture of the organics.

The spent carbon vessels will be stored on-site. The vessels
will be stored on the existing concrete pad adjacent to the vapor
extraction module building, inside the fenced area. An
approximate location of this area is shown in Figure 2-4. The
inlet and outlet connections to each vessel will be capped and
sealed appropriately. Periodically when a truckload quantity of
vessels has accumulated, and at the conclusion of the vacuum
extraction program, the vessels containing the spent carbon will
be transported in accordance with applicable federal, state and
local requirements to an off-site facility where the carbon will
be regenerated by high temperature incineration, and in the
process, the organics adsorbed on the carbon will be destroyed.

Air Injection System

The exhaust air from the secondary carbon bed will be piped to
the injection pump located in the extraction module building.
The injection pump will be capable of delivering 500 SCFM at 10

psig (1.65 atm) . The discharge from the injection pump will be

distributed to the 26 injection wells via a system of manifolds.
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Control of the injection pump will be interlocked with the vacuum

extraction pump. The pipe at each injection trench will be

equipped with a pressure/vacuum gauge so that injection pressure

at the trench can be periodically monitored.

During the soil vapor extraction program, the injection trenches

will be utilized as extraction trenches and vice versa. This can

be accomplished by minor above ground manifold piping

modifications. It is also planned that as the Cleanup Standards

set forth in Table 3-1 below are met for individual trench

"areas", the corresponding extraction and injection trenches will

be isolated from the extraction and injection operation by

closing the shut off valves located at each trench. This will

permit the soil vapor extraction system to concentrate on any

remaining areas which have not fully achieved the Cleanup

Standards specified in Table 3-1, thereby accelerating cleanup of

those areas.

RCRA-Compliant Cover

The operation of the vapor extraction system will be enhanced by

the installation of components of the RCRA-compliant cover over

the entire site. Details of the final RCRA-compliant cover are

presented in Section 2.1.2. At a minimum during vapor

extraction, all but the final soil cover above the sand layer

covering the 60 mil high density polyethylene (HOPE) membrane

will be installed. A majority of the final soil cover detail may

be installed prior to and during vapor extraction.

-15-



Hi seel1aneous

o Each extraction trench is equipped with two

sample taps, one on the vacuum pipe and one

on the water collection pipe. Each of these

taps can be fitted with a sample bottle for

the collection of free moisture.

•̂•' o Electrical service required for the site

remediation work will be 3-phase 460 volt.

Total electrical demand will be approximately

100 KVA. Power distribution will be to the

extraction module building. Operating

voltage for the extraction and injection

pumps will be 460 volts. A 110 volt supply

will be provided for miscellaneous site

lighting, equipment, instrumentation and

controls. Power distribution to any site

construction and office trailers will also be

'*•*' provided.

o Prior to construction of the trenches, the

following activities will be conducted:

1. The existing buildings will be

demolished and disposed of off-

site;

2. The existing tanks removed and

properly disposed of off-site; and
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3. The site will be graded to fill

existing depressions and to

eliminate any sharp grade changes.

o As discussed in more detail in Section 3.7

below, if the Cleanup Standards set forth in

Table 3-1 are not achieved within 5 years,

additional work may need to be implemented

(see Section 3.7 for details).

2.1.2 RCRA-Compliant Cover

The RCRA-compliant cover installed over the site will:

o Prevent contact with underlying soil;

o Prevent contamination of surface runoff;

o Reduce the infiltration of water through the

soils thereby preventing ground water and

subsequent surface water contamination;

o Enhance the efficiency of the soil vapor

extraction system;

o Promote evapotranspiration;

o Promote drainage of precipitation away from

the site; and

o Mitigate erosion.

-17-



The RCRA-compliant cover illustrated in Figure 2-5 will consist

of a minimum of 1-foot of compacted, highly impermeable native

soil, a continuous welded 60 millimeter high density polyethylene

(HOPE) plastic membrane, a minimum 6-inch layer of compacted sand

for drainage, 1 to 3 feet of miscellaneous soil/fill material and

1 foot of top soil to support vegetation. The final grading plan

will ensure a minimum slope of 2%. The native soil used will be

the silty clay till available in the area, which can and will be

compacted by standard methods to 95% proctor density. If soil

from the NSL borrow area is not available, material with similar

performance will be obtained from another source.

To provide a perimeter seal of the HOPE membrane, a 1-foot wide,

3-foot deep "deadman trench" will be installed around the site

boundary (Figure 2-6). The HOPE membrane will be draped into

this trench. The trench will then be backfilled and compacted

with native soil (silty clay till) to 95% proctor density. The

final soil cover will extend approximately 6 feet beyond the

deadman trench as noted on Figure 2-6.

As previously described, the material excavated from the trenches

will be graded uniformly throughout the trench area and

incorporated into the top layer of existing surface soil prior to

the construction of the final cover detail.

The RCRA-compliant cover will be installed over the entire site,

including the concrete pad, and some components will be installed

prior to initiation of the vapor extraction process, as described

in Section 2.1.1. At completion of the soil vapor extraction

program all surface piping will be removed from the site in

addition to any equipment, buildings or trailers. The extraction

and injection trench piping will be cut off at the current grade,
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filled with grout, and covered with a minimum of 1 foot of

topsoil, which will be vegetated. Vegetation which will be

established will be characterized by fibrous, shallow, laterally

growing roots, such as grass (which may include red fescue and

Kentucky blue grass).

2.1.3 Access Restrictions

The objectives of implementing access restrictions are to:

o Prior to implementation of the RAP, to

minimize the potential for contact with any

soils and water containing VOCs, base

neutral/acid organics, and heavy metals; and

o Prevent any contaminant migration that might

result from future excavation and

development.

«w Access restrictions will consist of:

o Fencing around the site perimeter and posting

of signs;

o Filing of appropriate restrictions with the

County Recorder's Office prohibiting usage of

the site for excavation and development (to

be done by owner);
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o Filing of appropriate restrictions with the

County Recorder's Office prohibiting usage of

ground water from the saturated till and the

underlying sand and gravel (to be done by

owner); and

o Filing of appropriate restrictions with the

County Recorder's Office prohibiting

installation of new water wells other than

monitoring wells (to be done by owner).

Ground water use restrictions would be only temporary and will be

in place until compliance with the ground water Cleanup Standards

in Table 3-1 is achieved and, until such time, will extend to

areas where utilization of the shallow ground water could

potentially result in contamination being drawn to these

locations.

2.1.4 Ground Water and Surface Water Monitoring

The monitoring activities will:

o Detect any VOCs migrating to the ground water

and surface water during and after vapor

extraction; and

o Monitor and verify the effectiveness of the

remediation.
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Two separate types of ground water monitoring systems will be

operated under this RAP. The first is the on-site till

monitoring system described in Section 4.0 below; sampling

results from those wells will be compared to the ground water

Cleanup Standards in Table 3-1 and will be used to calculate soil

concentrations for comparison to the soil Cleanup Standards in

Table 3-1.

The second type of ground water monitoring system involves off-

site wells screened in the till and in the sand and gravel.

Sampling results from these wells will also be used to determine

compliance within the ground water Cleanup Standards in Table 3-

1. This latter ground water monitoring network will consist of

ten (10) wells, which will be located around the periphery of and

downgradient from the ECC site (Figure 2-7). Six (6) wells will

be installed in the till, completed in the saturated zone, and

four (4) wells will be completed in the sand and gravel unit

underlying the saturated surface till. The wells will be

constructed of 2-inch PVC pipe. Screen length will vary for each

well. Total depth for the wells completed in the till will be 1-

2 feet less than total depth to the contact between the till and

underlying sand and gravel. Wells completed in the sand and

gravel will screen the total thickness of that sand and gravel

unit. Figures 2-8 and 2-9 illustrate well construction details

for the ground water monitoring wells in the till and in the sand

and gravel, respectively. The location of the monitoring wells

is based on the ground water elevation contours shown in Figure

2-10.
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Samples from the off-site wells will be collected quarterly

during site soil remediation and analyzed for the parameters in

Table 3-1. Monitoring will be continued on a semi-annual basis

as specified below.

The surface water will be monitored by sampling the Unnamed Ditch

just upgradient and just downgradient of the ECC site as depicted

in Figure 2-7. Surface water will be sampled at the same

frequency as ground water and analyzed for the same parameters.

The semi-annual ground and surface water monitoring called for in

this Section 2.1.4 will terminate as follows: As. mentioned

above, this RAP calls for sampling certain on-site ground water

monitoring wells screened in the till. As discussed in Section

4.0, once the laboratory analyses of samples from these on-site

till wells in two consecutive, quarterly sampling events lead to

the demonstration that the soil Cleanup Standards in Table 3.1

have been met, sampling of the on-site till wells will be

discontinued. Once that has occurred, sampling of the off-site

wells and surface water under this Section 2.1.4 will be

terminated when two consecutive, semi-annual sampling events

reveal that none of the Cleanup Standards in Table 3-1 have been

exceeded for the appropriate media. If such standards are not

achieved for the on-site till wells, off-site wells, or surface

water, then additional monitoring activities under Section 3.7

may need to occur.
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3.0 REMEDIAL ACTION CLEANUP STANDARDS

This section presents site-specific Cleanup Standards to be used

at the ECC site to determine the end point of remediation

activities and to accomplish clean closure of the site.

Achieving these standards will result in the cleanup of the soil

and ground water at the site so that without any further remedial

action thereafter, the site will not adversely affect any

environmental media, including ground water, surface water, or

the atmosphere, and so that direct contact through dermal

exposure, inhalation, or ingestion will not result in a threat to

human health or the environment. As discussed in Section 3.7

below, if these standards are not achieved in 5 years, then

alternative Additional Work as described in Section 3.7 may need

to be undertaken.

Sections 3.1 through 3.6 describe the standards to be met to

achieve a clean closure.

3.1 Cleanup Standards

To accomplish clean closure of the site, the following Cleanup

Standards will be met:

o Soil concentrations will not exceed the soil

levels shown in Table 3-1;

o Surface water concentrations from (ECC in

Unnamed Ditch south of the site) above the

levels shown in Table 3-1 will be prevented;

and
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TABLE 3-1 (Page 1 of 2)
SITE-SPECIFIC CLEANUP STANDARDS

ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION (ECO SITE

Acceptable
Ground Water

Acceptable
Stream

Acceptable
Soil Concentration

1
Compounds

VOLATILE ORGANICS (VOCs):
Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1 , 1 -D i ch I oroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrach I oroethene
Toluene
1,1,1 -Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate

05-n-Butyl Phthalate
Diethyl Phthalate
I sophorone

Naphthalene
Phenol

INORGANICS:
Antimony

Arsenic
Barium

Beryllium
Cadmium
Chromium
Lead

Manganese
Nickel
Silver

Tin
Vanadium

Zinc
Cyanide

PESTICIDES/PCBs:

PCBs

.oncentratic
(ug/l)

3,500
1,050
100
0.38
7

3,500
4.7

1,750
1,750
0.69

10,500
200
0.61

5
70,000

2.5
3,500
28,000

8.5
14,000
1,400

14
50

1,000
175
10
50
50

7,000
700
50

21,000

245
7,000

700

n UJ

RB
RB
MCL
RB

MCL

RB

RB

RB

RB

RB
RB
MCL
RB

MCL
RB

RB

RB
RB

RB
RB

RB

RB

MCL

MCL

RB

MCL

MCL

MCL
RB

RB

MCL

RB

RB

RB

RB

tonceniration u
(ug/l)

15.7

1.85
3,280
15.7

8.85
3,400
5.280
41.8
80.7

50,000
154,000
52,100

620
570

(6)

11
10

100

47

5.2

:; •
Value (ug/kg)

490
177,000
2,300

5.7
120

1,200,000
20
780

8.900
130

1,250,000
7,200

22
240

31,000,000

50,000
8,500,000
11,300,000

52
3,480,000

9,800

500,000
97,000

5,000,000
7.000
10,000

1,500,000
700,000

7,000,000

700,000
5,000
20,000
500,000

2,000,000

1,700,000

10,000

Method

(3)
(3)
(3)
(3>
(3)
(3)
(3)
(3)
(3)
<3>
(3)
(3)
(3)
(3)
(3)

(4)
(4)

(3)
(3)
(3)
(3)

(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(5)
(4)

(7)



TABLE 3-1 (Page 2 of 2)

NOTES:

(1) HCL * Drinking water Maximum Contaminant Level. 40 CFR K1.
RB = risk-based standard. U.S. EPA, Draft RCRA Facility Investigation
Guidance, 1987.

(2) Stream Criteria, from Table 1 of the Record of Decision for the
site, September 25, 1987.

(3) Acceptable soil value is based on ingestion of ground water at the
site boundary, assuming a dilution of leachate to ground water of 1:196
(Appendix B).

(4) Acceptable soil value is based on ingest ion of soil, assuming an ingest ion
rate of 0.2 grams of soil per day by a 17 kilogram child, as per the RCRA
Facility Investigation Guidance and the EPA Memorandum on Interim Final
Guidance for Soil Ingest ion Rates.

(5) Upper limit of background concentrations listed in U.S. Geological Survey,
Background Geochemistry of Some Rocks, Soils, Plants, and Vegetables in the
Conterminous United States, Professional Paper S74-F, 1975.

(6) Value in Table 1 of the ROD is below treatability and detection limits.
(7) 40 CFR Part 761.125 . Polychlorinated Biphenyls Spill Cleanup Policy Rule.



o Ground water concentrations above the levels

shown in Table 3-1 in the till and sand and

gravel monitoring wells will be prevented.

3.2 Calculation of Cleanup Standards

Table 3-1 lists the Cleanup Standards. The equations for

calculation of the risks, supporting data and complete references

are included in Appendix B.

The calculation of risk-based concentrations shown in Table 3-1

follows the procedures presented in the USEPA Draft RCRA Facility

Investigation (RFI) Guidance, July, 1987, and in the USEPA

Memorandum on Interim Final Guidance for Soil Ingestion Rates,

January 27, 1989. The assumed ingestion rates for soil are

either 0.1 grams of soil per day for a 70 kilogram person for 70

years (for compounds with potency factors) or 0.2 grams of soil

per day for a 17 kilogram child for 5 years (for compounds with

reference doses). The ingestion rate for ground water is 2

liters of water per day by a 70 kg person for 70 years.

Three columns of data, corresponding to ground water, surface

water, and soil Cleanup Standards, are presented in Table 3-1.

Ground water concentrations are based on either the drinking

water Maximum Contaminant Level (MCL) or the appropriate risk-

based concentration. These limits assume, as a worst case, that

the ground water in the till could be utilized as a lifetime

source of drinking water. However, the use of the ground water

in the till as a source of drinking water was rejected as

infeasible in the ECC Remedial Investigation (RI), page 6-22. As

a result, the use of drinking water standards and risk-based

standards based upon daily, long-term human consumption of the
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till water for Cleanup Standards under this RAP represents an

extremely conservative assumption when the real-life risks

presented by the ECC site are considered.

Surface water concentrations are taken from the Record of

Decision (ROD) for the site, dated September 25, 1987.

Soil concentrations are selected in the following order: (1)

regulated cleanup level, such as for PCBs; (2) background

concentrations, such as for metals; or (3) lowest of the risk-

based concentrations for soil or ground water ingestion.

Table 3-2 presents the compounds detected in soils at the site at

levels above the Cleanup Standards specified in Table 3-1. Table

3-3 shows the vapor pressure and solubility of these compounds.

3.3 Volatile Organics (VOCs)

The vapor extraction system to be installed at the site will

reduce the current VOCs soil concentrations to the levels shown

in Table 3-1. VOC concentrations in ground water in the till and

sand and gravel will also be reduced to the levels specified in

Table 3-1 by eliminating the source of VOCs, and by extracting

ground water from the till in the zone of treatment during the

vapor extraction activities.

3.4 Base Neutral/Acid Organics

With the vapor pressures shown in Table 3-3, isophorone and

phenol will be reduced to acceptable levels by the vapor

extraction system.
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TABLE 3-2
COMPOUNDS DETECTED IN THE SOIL AT CONCENTRATIONS
ABOVE THE SITE-SPECIFIC SOIL CLEANUP STANDARDS

Soil Concentration (ug/kg)

Compound

VOLATILE ORGANICS (VOCs) :
Acetone
Chloroform
1 , 1-Dichloroethane
1, 1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1, 1-Trichloroethane
1,1, 2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGANICS:
Bis (2-ethylhexyl) phthalate
Isophorone
Phenol

Cleanup
Standard

490
2,300

5.7
120

1,200,000
20
780

8,900
130

1,250,000
7,200

22
240

50,000
52

9,800

Maximum
Detected

Concentration

650,000
2,900
35,000

380
1,500,000
310,000

2,800,000
190,000
650,000

2,000,000
1,100,000

550
4,800,000

370,000
440,000
570,000

PESTICIDES/PCBS:
PCBs

INORGANICS:
Cadmium

10,000

10,000

39,000

27,000



TABLE 3-3
CHEMICAL PROPERTIES OF COMPOUNDS

DETECTED IN THE SOILS ABOVE CLEANUP STANDARDS

Compound
Solubility
(ug/1)

Vapor Pressure
(mm Hg)

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate
Isophorone
Phenol

PESTICIDES/PCBs:
Aroclor-1232
Aroclor-1260

1,000,000,000
8,200,000
5,500,000
2,250,000
152,000

20,000,000
268,000,000
17,000,000

200,000
535,000

4,400,000
4,500,000
1,100,000

1,300
12,000

93,000,000

1,450
2.7

270
151
182
600
7

362
77.5

6
17.8
28.1
123
30

57.9

0.0000002
0.38
0.341

0.00406
0.0000405

REFERENCES:

U.S. EPA, Superfund Public Health Evaluation Manual, 1986.

U.S. EPA, Water-Related Environmental Fate of 129 Priority
Pollutants, December 1979.



Bis (2-ethylhexyl)phthalate (EHP) will not be significantly

extracted by soil vapor extraction due to its low vapor pressure

(see Table 3-3). However, EHP does not and will not present any

risk to human health or the environment. First, EHP was only

detected in 8 of 35 samples at the site. Second, EHP is easily

biodegraded under aerobic conditions, with a half life of about

two weeks (USEPA, Water-Related Environmental Fate of 129

Priority Pollutants, December, 1979). The vapor extraction

system to be implemented by Settling Defendants will create an

aerobic environment conducive to accelerated biodegradation of

EHP even beyond that which may have occurred since the RI samples

were taken in 1984. Third, EHP has a high affinity for organic

carbon in soil. As a result, any amount of EHP that may remain

in the soil is unlikely to adversely impact ground water because

it will be chemically fixed to the soil and because the RCRA-

compliant cover will substantially reduce (by 99%) infiltration

through the soil. The RCRA compliant cover will also eliminate

any potential for risk from any possible contact with or

migration of EHP. Finally, the ground water and surface water

Cleanup Standards that are part of this RAP will ensure that

ground water and surface water are protected from adverse

impacts.

As a result of the comprehensive remedy to be implemented by

Settling Defendants, no route of exposure (air, ground water,

surface water, or direct contact/ingestion) will create a risk to

human health or the environment.
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3.5 Pesticides/PCBs

Due to their low vapor pressures (Table 3-3), the PCBs will also
not be removed by vacuum vapor extraction. However, PCBs also
will not present any risk to human health or the environment.
First, PCBs were detected above the soil Cleanup Standards at
only one location (TP-9, 1-2') and only detected at any level in
6 of 35 soil samples collected at the site. It is also
noteworthy that PCBs have never been detected in any ground water
monitoring wells at and around the site. Second, PCBs have an
extremely low solubility and a very high affinity for organic
carbon in soil and are, therefore, chemically fixed to the soil
and immobile at the site. As a result, any amount of PCBs
remaining in the soil is unlikely to adversely impact ground
water. Moreover, the RCRA-compliant cover will substantially
reduce (by 99%) infiltration through the soil thereby further
protecting the environment. Finally, the RCRA-compliant cover
will eliminate any potential for risk from any possible contact
with or migration of PCBs.

As a result of the measures to be implemented by Settling
Defendants, no route of exposure for PCBs (air, ground water,
surface water, or direct contact/ingestion) will create a risk to
human health or the environment.

3.6 Inorganics

Cadmium was the only inorganic compound detected at the site at
concentrations above the respective Cleanup Standards specified
in Table 3-1. However, cadmium also does not and will not

present any risk to human health or the environment. First, and
like PCBs, cadmium was only detected above the cleanup standards
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at one location (TP-8, 2.5-4'). Second, cadmium was only

detected in 6 of 36 soil samples collected at the site for

inorganics analysis. Third, cadmium is an element which occurs

naturally in the environment; its presence likely results from

natural weathering processes of soil in the environment. Fourth,

any amount of cadmium remaining in the soil is unlikely to

adversely impact ground water because the RCRA compliant cover

will substantially reduce (by 99%) infiltration through the soil.

Fifth, the RCRA compliant cover will eliminate any potential for

risk from any possible contact with or migration of cadmium.

Finally, the ground water and surface water cleanup standards

that are part of this RAP will ensure that ground water and

surface water are protected from adverse impacts. As a result,

no route of exposure for cadmium (air, ground water, surface

water, or direct contact/ingestion) will create a risk to human

health or the environment.

3.7 Additional Work

If Additional Work is required under Section VII of the Consent

Decree, Settling Defendants shall either perform such Additional

Work as the Parties may agree or shall arrange with a Contractor

to perform the following additional work at the site:

o The RCRA-compliant cover will be maintained

and access and land use restrictions will

remain in effect.
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o If ground water beneath the site exceeds the

Cleanup Standards for ground water in Table

3-1, a ground water interception trench will

be constructed around the south and east

sides of the ECC site as depicted in Figures

3-1 and 3-2.

o Ground water that exceeds the Cleanup

Standards for ground water in Table 3-1 will

be collected in this trench, pumped out and

transported to the Indianapolis POTW (via the

NSL pipeline or tank truck), or to such other

facility, for appropriate handling and

treatment in accordance with federal, state

and local requirements.

o Ground water will continue to be collected

and treated in this manner until two

consecutive, semi-annual ground water samples

collected from the ground water interception

trench show that the ground water Cleanup

Standards in Table 3-1 have been met unless

the Parties to the Decree otherwise agree or

the Court orders that said remedial action

may be terminated.

o Semi-annual ground water sampling and

monitoring will continue so long as ground

water continues to be collected.
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Nothing in this Section 3.7 shall prevent the Settling Defendants

from undertaking additional work under this section before the

expiration of the 5 year period should it become evident that the

vapor extraction system will not achieve the Cleanup Standards in

Table 3-1.

4.0 REMEDIAL ACTION COMPLIANCE MONITORING

•%̂

Remedial action compliance monitoring within the site (i.e.,

attainment of soil concentrations specified in Table 3-1) is

presented below.

Enhanced volatilization of compounds is designed to achieve the

required removals of VOCs, phenol and isophorone as presented in

Appendix C. The time required to accomplish this removal depends

on the type of compound and soil, air flow rate and temperature,

and on an efficient diffusion of air through the soil pores.

Therefore, both estimation of the time required for treatment
HV-»'' using vapor extraction models (Appendix C) and surrogate

analyses, as shown herein, will be used to determine the duration

of vapor extraction operation.

The two surrogate analyses to be used to verify that acceptable

soil concentrations have been reached are extracted vapor

analysis and on-site till water analysis. The only media that

come into contact with the on-site soils are air and water.

Sampling the extracted air and till water provides an accurate,

efficient and effective method of assaying what concentrations

are left in the soil. An additional benefit is that these

methods can be accomplished while preserving the integrity of the

RCRA-compliant cover to be placed on the site. As the only media
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that come in contact with the soil will meet the Table 3-1 soil

Cleanup Standards, then any concentrations that theoretically

could remain in the soil: (1) are not capable of migrating; (2)

cannot, by definition, result in a hazard to the air or ground

water; and (3) are effectively isolated from contact and exposure

by the cover.

4.1 Vapor Extraction Model

A computer model which simulates the vapor extraction system was

used to estimate the time required for removal of the maximum

detected soil concentrations to acceptable soil cleanup standards

specified in Table 3-1. Appendix C summarizes the

characteristics of the model and the data used. The air flow

rate was proportionately reduced from the total flow of 500 SCFM,

using the ratio of length of element to total length of trench,

and conservatively assuming an efficiency ratio for the operation

of 15 percent. Based on the model results, it is expected that

after one year of operation, all the VOCs, as well as phenol and

isophorone, will be below the soil Cleanup Standards in Table 3-1

in a "worst case" soil element which contains all the compounds

at their maximum detected concentrations.

4.2 Extracted Vapor Analysis

The vapor extraction system will be capable of providing vapor

samples from each individual extraction trench as well as from

the combined air flow.
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The combined air flow will be sampled daily during the first week
of operation, weekly for the following 4 weeks, and monthly
thereafter. Samples will be analyzed for the VOCs of concern
(Table 3-1), phenol and isophorone. Also, air flow rate will be
monitored and recorded, to provide sufficient data to calculate
the mass of organics removed from the soils and the effectiveness
of the system. These data will also aid in estimating the
treatment time remaining, based on the organics mass rate
extracted per day.

Air samples from individual extraction trenches will be collected
at the beginning of the vapor extraction system operation to
establish a baseline of organics removal per trench. These
samples will be analyzed for the VOCs of concern (Table 3-1) ,
phenol and isophorone. Once the mass rate extracted per day is
reduced to 5 percent of the initial week's rate, additional
samples of individual trenches will be collected every three
months, to determine when individual extraction trenches can be
shut down. The criterion for shutting down individual trenches
will be that two consecutive air samples from an individual
trench show vapor concentrations to be in equilibrium with the
soil Cleanup Standards in Table 3-1. Table 4-1 shows the soil
vapor concentrations in equilibrium with these soil Cleanup
Standards.

To confirm that all the compounds have been removed to their
respective soil Cleanup Standard in Table 3-1, the "restart
spike" method will be used. This method consists of periodically
shutting down and restarting the vapor extraction system. By
shutting down the system, equilibrium conditions of organics

within the soil matrix are re-established. Therefore, when the
vapor extraction system is restarted, the initial organics
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TABLE 4-1 (Page 1 of 2)

SOIL GAS CONCENTRATIONS IN EQUILIBRIUM

WITH SOIL CLEANUP STANDARDS

Molecular
Weight (2)

Component (1) (g/gmole)

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1 , 1 -D i ch loroethene '
Ethyl benzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tet rach I oroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGANICS:
1 sophorone
Phenol

58.1
119
99
97
106
84.9
72.1
100
166

92.1
133
133
132

138
94.1

Vapor
Pressure (2) Solubility (2)
(MI Ng) (ug/l)

270
151
182
600
7

362
77.5
6

17.8
28.1
123
30

57.9

0.38
0.341

1,000,000,000
8,200,000
5,500,000
2,250,000
152.000

20,000,000
268,000.000
17.000.000

200,000
535,000

4,400,000
4,500,000
1,100,000

12,000
93,000,000

Soil -water
Henry's Law Partition Soil Cleanup
Constant (3) Coefficient (4) Standard (5)

(dimensionless) (I/kg) (ug/kg)

0.000889
0.124
0.186
1.47
0.277
0.0871
0.00118
0.00200
0.837
0.274
0.211
0.0502
0.394

0.248
0.0000196

0.00071
0.116
0.076
0.086
1.75
0.022

0.00226
0.026
0.941
0.607
0.183
0.183
0.242

0.031
0.036

490
2,300
5.7
120

1,200,000
20
780

8,900
130

1,250,000
7,200

22
240

52
9.800

Soil Gas
Concentration (6)

(mg/m3)

0.000309
33.1
0.080
15.1

580,872
0.0383
0.00208
0.463
102

207,975
278

0.202
22.9

0.399
0.00690

ppnrv

0.000128
6.68

0.0196
3.81

133,534
0.0109

0.000708
0.113
14.9

54,302
50.1

0.0364
4.19

0.0706
0.00176



TABLE 4-1 (Page 2 of 2)

NOTES:

(1) Compounds above soil cleanup standards in Table 3-1 to be removed by vapor extraction.

(2) Data from U.S. EPA, Superfund Public Health Evaluation Manual, 1986.

(3) Calculated as:

(Vapor Pressure, cm Hg) * (Molecular Weight, g/gmole) * (1,000,000 ug/g) * (1.000 cm3/l)
Henry's Law Constant (nond intensions I) =

(Solubility, ug/l) * (R, mm Hg-cm3/gmole-K) * (T, K)

where: R = gas law constant = 62,361 mm Hg-cm3/gmole-K; and T = soil temperature = 283 K.

(4) From Appendix B, Table B6.

(5) From Table 3-1.

(6) Calculated as:

(Concentration in soil, ug/kg) * (Henry's Law Constant, nondimensional) * (1,000 l/m3)
Concentration in soil gas (mg/m3) *

(Partition coefficient, I/kg) * (1,000 ug/mg)

Concentration in soil gas (ppmv) = (Concentration in soil gas, mg/m3) / (Factor, mg/m3/ppmv)

The factors for conversion of mg/m3 to parts per million by volume (ppmv) were obtained from Vershueren, K., Handbook of Environmental
Environmental Data on Organic Chemicals, 2nd Edition, 1983.



concentration in the extracted gas will be higher than under
normal operation. Once "spike" concentrations are lower than the
soil cleanup levels in Table 3-1, vapor extraction will be
discontinued. An approach to this method, based on MWRl's
experience in field systems, is attached as Appendix D (to be
prepared). The actual restart spike procedure may vary somewhat,
depending upon the vapor extraction system contractor selected.

4.3 Till Water Analysis

Till water within the zone of soil vapor extraction treatment
will be collected from four monitoring wells completed in the
till and from randomly selected injection trenches. The wells
will be 2-in. PVC and will be screened from one foot above
trenches bottom to 1-2 feet above the contact between the till
and underlying sand and gravel. Screens will have 0.01 inch
openings. The wells will have a sand pack to one foot above the
top of the screen and a bentonite grout to ground surface.

Samples of the till water will be collected at the beginning of
the soil vapor extraction operation, and every three months
thereafter. Every time till water is to be collected, the vapor
extraction system will be shut down, to allow water to stabilize
within the till. Samples will be collected and analyzed for the
VOCs of concern (Table 3-1), phenol and isophorone. These
results will then be used to calculate soil concentrations (as

presented in Appendix B, Table B6).
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5.0 MISCELLANEOUS PROVISIONS AND SCHEDULING

Additional future activities will consist of preparing a document

package for EPA and State review and approval that will include

the project plans (as presented below) and the appropriate

construction contract specifications and revised drawings to

facilitate competitive bidding by potential contractors. This

document package will be submitted to EPA and the State within

six (6) months of the entry of the Decree and prior to the

construction of the NSL pipeline.

The project plans to be provided are: the Health and Safety Plan,

the Quality Assurance Project Plan, and the Field Sampling Plan.

Outlines of each plan are included in Appendix E.

The Health and Safety Plan will contain the procedures to be

followed to protect on-site personnel and the general public

during the remediation at the ECC site.

The Quality Assurance Project Plan will present the procedures

for sampling, laboratory analyses, field measurement, and

reporting that will provide data to a degree of quality

consistent with its intended use and defensible in a court of

law.

The Field Sampling Plan will define in detail the sampling and

data-gathering methods to be used for the ECC remediation.

Figure 5-1 sets forth the Remedial Action Implementation Schedule

for implementing the remedy required under the Consent Decree.
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* * *

* * *

ACTIVITY

BID/AWARD CONTRACTS

SITE WORK (EXCAVATION, DEMO-
LITION AND TRENCH)

FIELD MECHANICAL WORK

FIELD ELECTRICAL WORK

SVE MODULE
HOPE MEMBRANE
CARBON ADSORPTION MODULE

WELL DRILLING

CONSTRUCTION

DEMOLITION
SITE PREPARATION

MONITORING WELLS
TRENCH SYSTEM

FIELD PIPING

ELECTRICAL SERVICE
COVER SYSTEM
SVE MODULE
ACCESS RESTRICTIONS

STARTUP/OPERATION

SVE STARTUP
SVE OPERATION
GROUNDWATER MONITORING

SVE DEMOBILIZATION

FINAL DEMOBILIZATION

DELISTING OF SITE FROM NPL

, MONTHS
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 56 57 58 59 60

1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I

H-l

NOTES:

SVE A SOIL VAPOR EXTRACTION

* MONTH "0" CORRESPONDS TO THE DATE THE
NSL PIPELINE IS AVAILABLE FOR ECC USE

* * SVE SYSTEM OPERATION IS PLANNED FOR
12 MOS. BUT MAY BE EXTENDED IF NECESSARY
TO ACHIEVE CLEANUP STANDARDS

* * * FINAL DEMOBILIZATION AND DELISTING ACTIVITIES
WILL OCCUR ONCE CLEANUP STANDARDS HAVE
BEEN ACHIEVED & VERIFIED.

REMEDIAL ACTION
IMPLEMENTATION SCHEDULE

ERM-North Central, Inc.

FIGURE NO.

5-1

3/23/89
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APPENDIX A
ESTIMATE OF MASS OF ORGANICS IN THE SOILS

TO BE REMOVED BY VAPOR EXTRACTION

Location

TP-1
TP-2
TP-3
TP-4
TP-4
TP-5
TP-5
TP-6
TP-6
TP-6

TP-7
TP-7
TP-8
TP-8
TP-9
TP-9
TP-10
TP-10
TP-11
TP-11

TP-12
TP-12
SB-01
SB-02
SB-03
SB-04
SB-06
SB-08
SB-09
SB-01

SB-02
SB-04
SB-08
SB-09

Sampling
depth
ft

1 - 1.5
1 - 1.5
1 - 1.5
1 - 2

2.5 - 3.5
1 - 2
2 - 3
1 - 2
2 - 3
4 - 5

1 - 2.5
2.5 - 4
1 - 2.5
2.5 - 4
1 - 3
3 - 5
1 - 3
3 - 5
1 - 3
3 - 5

1 - 3
3 - 5
2.5 - 4
2.5 - 4
2.5 - 4
2 - 3.5
2 - 3.5
2.5 - 4
2.5 - 4
5.5 - 7

5.5 - 7
5 - 6.5
7 - 8.5
5.7 - 7

Assumed
contamination
depth, ft

2
2
2

2.5
4
2

1.5
2

1.5
1.5

2.5
2

2.5
2
3

2.5
3

2.5
3

2.5

3
2.5
3
3
3

2.5
2.5
3
3
2

2
2
2
2

Total VOCs
concentration

ug/kg

1,972
28

108,800
99,730
4,416
24,287

291
12,468,000

22,690
2,416

267,000
280,090
3,687

433,600
14,604,000

130
958
432
130
67

35,030
3,609
3,303
12,900
70,070

175
222,010
3,012
61,490

27

34
51
188

8,069

Mass of VOCs
Ib

0.271
0.004
14.978
17.162
1.216
3.343
0.030

1,716.410
2.343
0.249

45.946
38.559
0.634
59.692

3,015.694
0.022
0.198
0.074
0.027
0.012

7.234
0.621
0.682
2.664
14.469
0.030
38.204
0.622
12.698
0.004

0.005
0.007
0.026
1.111

TOTAL VOCS, Ib 4,995

The area contaminated is assumed to be a 25'x25' square around
each sampling location. TP = test pit; SB = soil boring.
Soil concentrations from ECC RI, Section 4.
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APPENDIX B

CALCULATION OF RISK-BASED CLEANUP STANDARDS

The equations used to calculate risk-based concentrations are
shown in Table Bl. The ingestion rates and acceptable risks are
listed in Table B2. The potency factors and references doses for
compounds without any regulatory or background level are from a
memorandum from the USEPA Toxics Integration Branch, OERR,
Washington, D.C., dated December 19, 1988, with the Corrections
to the July, 1988 Update of the Characterization Tables in the
Superfund Public Health Evaluation Manual.

Table B3 presents the calculation of risk-based acceptable ground
water concentrations in the till for compounds without a
regulatory limit (drinking water Maximum Contaminant Level or
PCBs Spill Cleanup Policy level). Table B4 shows that the
resulting concentrations of compounds at Unnamed Ditch will be
below the Stream Criteria presented in Table 1 of the Record of
Decision (ROD) for the site, dated September 25, 1987. The
dilution obtained from discharge of the ground water in the till
to Unnamed Ditch is 1:1800, as presented in Appendix C of the ECC
Remedial Investigation. Note that most of the calculated
concentrations in the ditch are below detection limits.

Tables B5 and B6 list the acceptable risk-based soil
concentrations, based on soil and ground water ingestion,
respectively. The calculation of acceptable soil concentrations
based on ground water ingestion follows the procedures presented

in Appendix C of the ECC RI. Only those compounds without
regulatory limit or background levels in soils are listed in

Tables B5 and B6. Also, cyanide is not present for lack of a
organic carbon/water partition coefficient. It is conservatively
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TABLE 81
EQUATIONS USED TO CALCULATE RISK-BASED CONCENTRATIONS *

SOIL (concentrations in ug/kg):

Risk * Body Weight (kg) * 1000 (ug/mg) * 1000 (g/kg)

Ingestion rate (g/d) * Potency Factor (mg/kg/d)-1

or

Risk * Body Weight (kg) * Reference Dose (mg/kg/d) * 1000 (ug/mg) * 1000 (g/kg)

Ingestion rate (g/d)

GROUND WATER (concentrations in ug/l):

Risk * Body Weight (kg) * 1000 (ug/mg)

Ingestion rate (l/d) * Potency Factor (mg/kg/d)-1

or

Risk * Body Weight (kg) * Reference Dose (mg/kg/d) * 1000 (ug/mg)

Ingestion rate (l/d)



TABLE B2
INGESTION RATES AND ACCEPTABLE RISKS

INGESTION RATES * :

SOILS:

0.1 grams per day by a 70-kilogram person for 70 years

or

0.2 grams per day by a 17-kilogram child for 5 years

GROUND WATER:

2 liters of water per day by a 70-kilogram person for 70 years

ACCEPTABLE RISKS:

COMPOUNDS WITH POTENCY FACTORS:

-6
10

COMPOUNDS WITH REFERENCE DOSES:

* From U.S. EPA, RCRA Facility Investigation Guidance, 1987, and
U.S. EPA, Office of Solid Waste and Emergency Response, Memorandum
on Interim Final Guidance for Soil Ingestion Rates, January 27,
1989.



TABLE B3

ECC - ACCEPTABLE HEALTH-BASED GROUND WATER CONCENTRATIONS

Compound (1) i

VOLATILE ORGAN I CS (VOCs):

Acetone
Chlorobenzene
1,1-Dichloroethane
Ethyl benzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,2-Trichloroethane
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:

Bis(2-ethylhexyl)phthalate
Di-n-Butyl Phthalate
Di ethyl Phthalate
Isophorone
Naphthalene
Phenol

INORGANICS:
Antimony
Beryllium
Manganese
Nickel
Tin
Vanadium
Zinc
Cyanide

Potency Reference
Factor (2) Dose (2) I
CmgAg/d)-1 (mg/kg/d)

0.1
0.03

0.091
0.1

0.0075
0.05
0.05

0.051
0.3

0.057
2

0.014
0.1

0.8
0.0041

0.4
0.04

0.0004

0.005
0.2

0.02
0.6

0.007
0.2
0.02

Acceptable
Ground Water

loncentration (3)
(ug/l)

3,500
1,050
0.38
3,500
4.7

1,750
1,750
0.69

10,500
0.61

70,000

2.5
3,500

28,000
8.5

14,000

1,400

14

175
7,000

700

21,000

245
7,000
700

(1) Only compounds without a regulatory limit (drinking water Maximum
Contaminant Level [40 CFR 141] or PCBs Spill Cleanup Policy Rule
[40 CFR 761] level) are shown.

(2) From USEPA Toxics Integration Branch, OERR, Washington, D.C.
December 1988 correction to the July 1988 Update of the Risk
Characterization Tables in the Superfund Public Health Evaluation
Manual.

(3) Acceptable ground water concentrations calculated using an
ingest ion rate of 2 liters per day by a 70 leg adult for 70 years.
Acceptable risk * 1E-06 for compounds with potency and
1 for compounds with reference dose.



TABLE 84

COMPARISON OF SITE-SPECIFIC STREAM CRITERIA

WITH STREAM CONCENTRATIONS BASED ON NATURAL

DISCHARGE OF GROUND WATER FROM THE TILL

Compounds (1)

Acceptable
Stream

Concentration (1)
(ug/l)

Concentration at
Unnamed Ditch due

to Discharge of Till
Water at Acceptable
Concentrations (2)

(ug/l)

VOLATILE ORGAN I CS (VOCs):
Chloroform
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Tetrachloroethene
Toluene
1,1, 1 -Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGAN I CS:
Bis(2-ethylhexyl )phthalate
Di-n-Butyl Phthalate
Diethyl Phthalate
Naphthalene
Phenol

INORGANICS:
Arsenic
Chromium
Lead
Nickel
Zinc
Cyanide

15.7
1.85
3.280
15.7
8.85
3,400
5,280
41.8
80.7

50,000
154,000
52,100

620
570

0.0175
11
10
100
47
5.2

0.056
0.0039

1.9
0.0026
0.00038

5.8
0.11

0.00034
0.0028

0.0014
1.9
15.6
7.8
0.78

0.028
0.028
0.028
0.39
3.9
0.39

(1) From Table 1 of the Record of Decision (ROD) for the site,
September 25, 1987. Only those compounds detected in ECC.
soil samples that are listed in this table are shown.

(2) Assuming a dilution of 1:1800 for natural discharge of till
ground water at acceptable concentrations into Unnamed
Ditch (from ECC Remedial Investigation, Appendix C).



ECC
TABLE B5

ACCEPTABLE SOIL CONCENTRATIONS BASED ON SOIL INGEST ION

Compounds (1) i

VOLATILE ORGAN I CS (VOCs):
Acetone
Chlorobenzene
Chloroform
1 , 1 'Dichloroethane
1 , 1 -D i eh loroethene
Ethyl benzene
Hethylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrach loroethene
Toluene
1,1,1 -Trichloroethane
1,1,2-Trichloroethane
Trich loroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl )phthalate
Di-n-Butyl Phthalate
Di ethyl Phthalate
Isophorone
Naphthalene
Phenol

INORGANICS:
Cyanide

Potency Reference
Factor (2) Dose (2)
Cmg/kg/d)-1 (mg/kg/d)

0.1
0.03

0.0061
0.091
0.6

0.1
0.0075

0.05
0.05

0.051
0.3
0.09

0.057
0.011

2

o.ou
0.1
0.8

0.0041
0.4
0.04

0.02

Acceptable Soil
Concentrations (2

(ug/kg>

8,500,000
2,550,000
114,754
7,692
1,167

8,500,000
93,333

4,250,000
4,250,000

13,725
25,500,000
7,650,000

12,281
63,636

170,000,000

50,000
8,500,000
68,000,000

170,732
34,000,000
3,400.000

1,700,000

Range of Acceptable
i) Soil Concentrations (4)

<ug/kg>

850,000-850,000,000
255,000-255,000,000
11,475-11,475,400

769-769,200
117-116,700

850,000-850,000,000
9.333-9,333,300

425,000-425,000,000
425,000-425,000,000
1,373-1,372,500

2,550,000-2,550,000,000
765,000-765,000,000
1,228-1,228,100
6,364-6.363,600

17,000,000-17,000,000,000

5,000-5,000.000
850.000-850,000,000

6,800,000-6,800,000,000
17,073-17,073,200

3,400,000-3,400,000,000
340,000-340,000,000

170,000-170,000,000

(1) Compounds shown are those without a regulatory limit or background level in soils.
(2) Fro* USEPA Toxics Integration Branch, OERR, Washington, D.C. December 19, 1988 corrections

to the July 1988 Update of the Characterization Tables in the Superfund Public Health
Evaluation Manual.

(3) Intake for compounds with potency: 0.1 g of soil/d by 70 kg resident adults.
Intake for compounds with reference dose: 0.2 g of soil/d by

17 kg resident children.
Acceptable risks: 1E-06 for compounds with potency; 1 for compounds with
reference doses.

(4) Range shown is for risks of 10-4 to 10-7 for compounds with potency and 1 for compounds with
reference doses.



TABLE B6 (Page 1 of 2)

ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON GROUND WATER INGESTION AT THE SITE (10-6 RISK)

Compound (1)
Solubility (2)

(ug/l) Log Kou (2) Kd (3)

Acceptable

Ground Water
Concentration (4)

(ug/l)

Acceptable

Leachate
Concentration (5)

(ug/l)

Acceptable Soil
Concentration (6)

(ug/kg)

VOLATILE ORGANICS (VOCs):
Acetone 1.000,000,000

Chlorobenzene 466.000
Chloroform 8.200.000
1,1-Dichloroethane 5,500.000
1,1-Dichloroethene 2,250.000
Ethylbenzene 152.000
Hethylene Chloride 20,000,000
Methyl Ethyl Ketone 268,000,000
Methyl Isobutyl Ketone 17,000.000
Tetrachloroethene 200,000
Toluene 535,000
1,1,1-Trichloroethane 4.400,000
1.1,2-Trichloroethane 4,500,000
Trichloroethene 1,100,000
Total Xylenes 198,000

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate 1,300
Di-n-Butyl Phthalate 13,000
Diethyl Phthalate 4,320,000
Isophorone 12.000

Naphthalene 30,000
Phenol 93,000,000

0.24
2.84
1.97
1.79
1.84
3.15
1.25
0.26

2.88
2.69
2.17
2.17
2.29
3.26

8.7
5.2
3.22

3.01
1.46

0.00071

0.858
0.116
0.076

0.086

1.75
0.022

0.00226

0.02604

0.941
0.607

0.183
0.183
0.242
2.26

621472

197
2.06
0.031
1.269
0.036

3,500

1,050
100

0.38
7

3.500
4.7

1.750
1,750
0.69

10,500

200
0.61

5
70,000

2.5
3.500
28,000

8.5
14.000

1,400

RB
RB
MCL
RB
MCL
RB
RB
RB
RB
RB
RB
MCL
RB
MCL
RB

RB
RB
RB
RB
RB
RB

686.275

205.882

19,608

74.5
1,373

686,275

922
343.137

343. 137
135

2.058,824

39,216
120
980

13,725,490

490
686,275

5,490,196

1,667
2.745,098

274,510

490
176,620

2.269

5.70
118

1,202,042

20.3
774

8,935

127
1.250,377

7.193
21.9
237

30,970.595

304,643,220
134,871,303
11,298,207

51.7
3,483,209

9,817



TABLE B6 (Page 2 of 2)

(1) Compounds shown are those without a regulatory limit or a soil background level. Also, cyanide is not included

because a specific Kow is not available.

(2) From ECC RI, Table 4-4, and Verschueren, 1983, Handbook of Environmental Data on Organic Chemicals.

(3) From ECC RI, Table 4-4. Calculated as 10Alog Kow * OC, where OC* organic carbon content * 0.00124. For isophorone and

methyl isobutyl ketooe, the Kd is obtained as Kd = Koc * OC, where Koc = organic carbon-water partition coefficient,

obtained from log Koc * (-0.55 * log S) * 3.64 (Exhibit A-1 of the Superfund Public Health Evaluation Manual, 1986).

(4) RB - risk-based concentration, from Table B3. MCL » Maximum Contaminant Level, from Superfund Public Health Evaluation

Manual, update of November, 1987.
(5) Leachate discharge/ground water discharge » 0.0051 (Appendix C of the ECC RI; and reduction of the 7.8 in/yr recharge

used in the RI under the current conditions (page 5-8) by 99 percent due to the cap).

(6) Soil concentration (ug/kg) = Kd * Concentration in leachate (ug/l).



assumed that the volume of leachate from the soils will be

reduced by 99 percent from the 7.8 in/yr used in the RI, by

installing the RCRA-compliant cover over the site.

A range of acceptable soil concentrations based on water

ingestion using the published ranges for organic carbon content

of till soils and the SARA range of risk for Superfund site

cleanups, is presented in Table B7. The concentrations shown in

Table B6 were used to determine the Cleanup Standards specified

in Table 3-1, using a risk of 10~6 and a soil organic carbon

content of 0.12%, as presented in the RI.

Finally, Table B8 presents the complete list of references used

for the calculation of the proposed Cleanup Standards specified

in Table 3-1.
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TABLE B7

ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON GROUND
WATER INGEST I ON AT THE SITE (RANGE OF RISKS)

Compound (1) Range of Kd (2)

Acceptable Soil Concentration (3)

Range for 10-4 risk Range for 10-7 risk

VOLATILE ORGAN I CS (VOCs):
Acetone
Chlorobenzene
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1, 1 -Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGAN I CS:
Bis(2-ethylhexyl)phthalate
Di-n-Butyl Phthalate
Diethyl Phthalate
Isophorone
Naphthalene
Phenol

0.000058-0.0044
0.069-5.24
0.0093-0.71
0.0062-0.47
0.0069-0.52
0.14-10.7

0.0018-0.14
0.00018-0.014
0.0021-0.16
0.076-5.78
0.049-3.72
0.015-1.14
0.015-1.14
0.020-1.52
0.18-13.7

50100-3810000
15.8-1200
0.17-12.9

0.0025-0.19
0.10-7.6

0.0029-0.22

40-3,019
14,200-1,080,000

182-13,900
46.2-3,500
9.47-714

96,800-7,340,000
166-12,900
61.8-4,800
721-54,900

1,028-78,200
101,000-7,660,000

588-44,700
179-13,600
19.6-1,490

2,470.000-188.000,000

2,460,000,000-187.000,000.000
10.800,000-824,000,000

933.000-70,800,000
417-31,700

275,000-20,900,000
796-60,400

40-3,019
14,200-1,080,000

182-13,900
0.046-3.50
9.47-714

96,800-7,340,000
0.166-12.9
61.8-4,800
721-54,900
1.03-78.2

101,000-7,660,000
588-44.700

0.179-13.6
19.6-1,490

2,470.000-188,000,000

2,460,000-187,000,000
10,800.000-824.000,000

933,000-70,800.000
0.417-31.7

275.000-20,900,000
796-60.400

(1) Compounds shown are those without a regulatory limit or a soil background level. Also, cyanide is
not included because a specific Kow is not available.

(2) For a range of organic carbon content of 0.0001 to 0.0019 obtained from: U.S. Department of
Agriculture, Soil Classification - A Comprehensive System. Soil Conservation Service, 7th
Approximation, 1960. Calculated as presented in Table B6.

(3) Acceptable soil concentrations at the risk shown (for compounds with potency) for a range of
organic carbon content of 0.0001 to 0.0076. Calculated as presented in Table B6.



TABLE B8

REFERENCES

CH2MHILL, Environmental Conservation and Chemical Corporation
Feasibility Study, December, 1986.

CH2MHILL, Environmental Conservation and Chemical Corporation
Remedial Investigation, March, 1986.

USEPA, Office of Solid Waste and Emergency Response, Memorandum
on Interim Final Guidance for Soil Ingestion Rates, January 27,
1989.

USEPA, Region V, Record of Decision for Environmental
Conservation and Chemical Corporation, and Northside Sanitary
Landfill, Zionsville, Indiana, September 25, 1987.

USEPA, Draft RCRA Facility Investigation Guidance, July, 1987,
OSWER Directive 9502.00-6C.

USEPA, National Primary Drinking Water Regulations, 40 CFR 141,
last amended by 53 FR 37408, September 26, 1988.

USEPA, Polychlorinated Biphenyls Spill Cleanup Policy Rule, 40
CFR Part 761, published in the Federal Register on April 2, 1987.

USEPA, Superfund Public Health Evaluation Manual, October, 1986,
PB87-183125 with updates of November 16, 1987 and July, 1988.

USEPA, Toxics Integration Branch, OERR, Washington, D.C.,
December, 198 Memorandum with Corrections to the July, 1988
Update of the Risk Characterization Tables in the Superfund
Public Health Evaluation Manual.

USEPA, Water-Related Environmental Fate of 129 Priority
Pollutants, December, 1979 PB80-204381.

US Geological Survey, Background Geochemistry of Some Rocks,
Soils, Plans, and Vegetables in the Conterminous United States,
Professional Paper 574-F, 1975.

Veschueren, K., Handbook of Environmental Data on Organic
Chemicals, 1983.
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APPENDIX C

ECC - VAPOR EXTRACTION MODEL

This program was written in FORTRAN by Michael C. Marley and

George E. Hoag and reported in "Induced Soil Venting for

Recovery/Restoration of Gasoline Hydrocarbons in the Vadose

Zone," Proceedings, Petroleum Hydrocarbons and Organic Chemicals

in Ground Water Conference, Houston, TX, 1984.

The program is based on the concentration of each component in

the vapor phase in the soil, using the partial pressure exerted

by each compound, as expressed by the following equation:

VP * X * V * MW
ZT = R * T

where:

ZT = concentration of the component in the vapor phase, mg/1

VP = vapor pressure of compound, mm Hg

X - mole fraction = moles of component/total moles of organics

in soil
V = volume of element, liters

MW = molecular weight of component

R = gas constant =82.4 atm - cm3/gmoles°K

T = temperature = 294.25°K

C-l



The program uses the finite difference method to calculate the

change in number of moles of each component during a small time

interval (i) and then recalculate over the next time interval

(i+1) , using the reduced number of moles resulting from

subtracting the change in number of moles calculated for interval

i from the number of moles present in the soil at the beginning

of interval i.

The program runs for a finite length of time or until all the

components are removed. The program was rewritten in BASIC and

applied to the ECC site.

Table C-l shows the chemical data used to run the model. The

compounds to be evaluated are those shown in Table 3-2, except

for EHP, PCBs, and cadmium, which are not amenable to removal by

vapor extraction. The maximum detected soil concentrations were

taken from Section 4 of the ECC RI, while the vapor pressure and

molecular weight data are from USEPA, Superfund Public Health

Evaluation Manual, 1986.

As there was significant variation of compounds, concentrations

between soil samples at the site, a theoretical block size was

chosen. This theoretical soil block is 10 ft x 10 ft x 2 ft deep

and was assumed to contain all components of interest at their

maximum detected concentrations (Table C-l). Furthermore, it was

conservatively assumed that the air flow through the soil would

only be 15% efficient in removing the organics. In effect, this

represents a worst case estimate of the time required to remove

the organics from the soils. The mass of this block was

estimated as 10,200 kg.
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TABLE C1
ECC - CHEMICAL DATA OF COMPOUNDS

Maximum
Vapor Detected Soil

Compound (1) U

VOLATILE ORGAN I CS:
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isotxityl Ketone
Tet rach I oroethene
Toluene
1,1, 1 -Tried loroethane
1,1,2-Trichloroethane
Trich I oroethene

BASE NEUTRAL/ACID ORGANICS:
Phenol
Isophorone

Molecular
leight (2)

58.1
119
99
97
106
85

72.1
100
166

92.1
133
133
132

94.1
138

Pressure (2!
(mm Hg)

270
151
182
600
7

362
77.5
6

17.8
28.1
123
30

57.9

0.341
0.38

» Concentration (3)
(ug/kg)

650,000
2.900
35,000

380
1,500.000
310,000

2,800,000
190,000
650,000

2,000,000
1,100,000

550
4,800,000

570,000
440,000

(1) Compounds shown are those amenable to soil vapor extraction.
(2) From U.S. EPA, Superfund Public Health Evaluation Manual,

1986.
(3) From ECC RI, March 1986.



The air flow rate was estimated as a fraction of the total air

flow rate to be used at the site (500 SCFM), based on the length

of injection trench influencing the assumed soil block (10 ft) as

a ratio of the total length of injection trenches (3,800 ft).

This represents an air flow rate of 37.26 liters per minute.

The results, summarized in Figure Cl, show that essentially no

VOCs will be present in the hypothetical soil element after 130

days of soil vapor extraction. To remove phenol and isophorone

to the Cleanup Standards in Table 3-1, operation of the vapor

extraction system for a total of approximately 360 days is

necessary.

Actual large-scale soil vapor extraction systems have been

operated with excellent removals of compounds such as

tetrachloroethene, trichloroethene, 1,3-dichloropropene, methyl

ethyl ketone, methyl isobutyl ketone, toluene, and xylenes. Some

published references are:

o Lisiecki, J.B., and F.C. Payne. "Enhanced

V o l a t i l i z a t i o n : Possibilities,

Practicalities, and Performance." Presented

at the Engineering Foundation Conference,

Mercersburg, PA, August 7-12, 1988.

o Regalbuto, D.P., J.A. Barrera and J.B.

Lisiecki. "In-Situ Removal of VOCs by Means

of Enhanced Volatilization." Proceedings of

the Conference on Petroleum Hydrocarbons and

Organic Chemicals in Ground Water:

Prevention, Detection, and Restoration,

Houston, TX, November 9-11, 1988.
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Figure Cl

ECC VAPOR EXTRACTION MODEL RESULTS
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Johnson, J.J., and R.J. Sterrett. "Analysis

of In-Situ Soil Air Stripping Data."

Proceedings of the 5th National Conference on

Hazardous Wastes and Hazardous Materials, Las

Vegas, Nevada, April 19-21, 1988.

A full-scale vapor extraction system (Lisiecki and Payne, 1988)

was able to remove tetrachloroethene from 5,600,000 ug/kg to 17

ug/kg, as found by soil sample analysis, in 280 days. Therefore,

both theoretical models and actual results show that the required

removals will be accomplished by vapor extraction.
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APPENDIX E
OUTLINE OF PROJECT PLANS

ENVIRONMENTAL CONSERVATION AND
CHEMICAL CORPORATION

(ECC) SITE
ZIONSVILLE, INDIANA



HEALTH AND SAFETY PLAN
OUTLINE

1.0 INTRODUCTION

2.0 GENERAL INFORMATION

2.1 Project Safety Officer
2.2 Emergency Agencies
2.3 Key Project Personnel

3.0 NATURE OF POTENTIAL HAZARDS

3.1 Chemical Hazards
3.2 Physical Hazards

4.0 GENERAL WORK PROCEDURE

4.1 Supervision and Audits of Safety Procedures
4.2 Site Control and Work Zones
4.3 General Work Rules for Field Activities

5.0 SAFETY TRAINING

6.0 ENVIRONMENTAL MONITORING PROGRAM

7.0 DECONTAMINATION PROCEDURES

7 . 1 Equipment Decontamination
7.2 Personnel Decontamination

8.0 PERSONNEL PROTECTIVE EQUIPMENT

8 . 1 Respiratory Protection
8.2 Dermal Protection/Protective Clothing

9.0 EMERGENCY PROCEDURES

9.1 Worker Injury
9 . 2 Fires
9.3 Spills
9.4 Evacuation Plan



QUALITY ASSURANCE PROJECT PLAN
OUTLINE

1.0 PROJECT DESCRIPTION

1 . 1 Introduction
1.2 Site Description
1 . 3 Proposed Remedial Action Plan
1.4 Sample Network and Rationale
1.5 Project Schedule

2.0 PROJECT ORGANIZATION AND RESPONSIBILITY

2 . 1 Management
2.2 Field Activity
2.3 Laboratory Analysis
2.4 Quality Assurance
2 . 5 Performance and System Audits

3.0 QUALITY ASSURANCE OBJECTIVES

3.1 Level of QC Effort
3.2 Accuracy, Precision, and Sensitivity of Analyses

3.2.1 Data Completeness, Representativeness and
Comparability

3.2.2 Documentation
3.2.3 Quality Control Requirements

>""r 4.0 SAMPLING PLAN

5.0 SAMPLE CUSTODY PROCEDURES

6.0 CALIBRATION PROCEDURES AND FREQUENCY

6.1 Field Instruments
6.2 Laboratory Equipment

7.0 ANALYTICAL PROCEDURES

8.0 INTERNAL QUALITY CONTROL CHECKS

8.1 Analytical Laboratories
8.2 Field Quality Control



QUALITY ASSURANCE PROJECT PLAN
OUTLINE

(continued)

9.0 DATA REDUCTION, VALIDATION AND REPORTING

9.1 Documentation
9.2 Data Validation
9.3 Reporting
9.4 Data Package/Data Deliverables

10.0 PERFORMANCE AND SYSTEM AUDITS

10.1 Laboratory
10.2 Field Activities

11.0 PREVENTATIVE MAINTENANCE

11.1 Laboratory Equipment
11.2 Field Equipment

12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION,
ACCURACY AND COMPLETENESS

13.0 CORRECTIVE ACTION

13.1 Analytical Laboratories
13.2 Field Work

14.0 QUALITY ASSURANCE REPORT



FIELD SAMPLING PLAN
OUTLINE

1.0 INTRODUCTION

2.0 SITE BACKGROUND

2.1 Site Description

3.0 SAMPLING OBJECTIVES

4.0 SAMPLE LOCATION & FREQUENCY

4.1 Ground Water Monitoring
4.2 Surface Water
4.3 Extracted Vapor

5.0 SAMPLE DESIGNATION

6.0 SAMPLING EQUIPMENT & PROCEDURES

6.1 Ground Water Monitoring

6.1.1 Monitoring Well Design and Installation
6.1.2. Ground Water Sampling

6.1.2.1 Water Level Measurement
6.1.2.2 Well Depth Measurement
6.1.2.3 Well Evacuation
6.1.2.4 Sample Withdrawal

6.2 Surface Water Sampling
6.3 Extracted Vapor Monitoring

7.0 SAMPLE HANDLING AND ANALYSIS

8.0 FIELD QUALITY CONTROL SAMPLES



ERM-North Central, Inc.
Envlronnwntal Rtsoarcts Managtimnt

102 Wllmot Road • Suite 300 • Deerfield, Illinois 60015 « 13121940-7200

April 11, 1989

John Buck
Indiana Department of Environmental Management
5500 W. Bradbury
Indianapolis, IN 46241

Karen Vendl
U.S. Environmental Protection Agency
Region V (5HS-11)
230 S. Dearborn Street
Chicago, IL 60604

REF: ECC Exhibit A

Dear John and Karen:

Enclosed please find our proposed changes to the "ECC Monitoring
Plan" (Plan) which was discussed at the IDEM offices in
Indianapolis on April 5, 1989. Upon receipt of your concurrence,
we intend that the Plan be incorporated into Sections 2.1.4 and
4.0 of Exhibit A to the Consent Decree.

Although we continue to disagree that direct soil sampling is
necessary to demonstrate attainment of the cleanup objectives, we
will agree to perform post-SVES soil sampling as in the "ECC
Monitoring Plan", with the provision that the sampling results
are to be evaluated using a statistical procedure similar to the
one used by EPA for the metal finishing effluent limitations, to
be detailed in Appendix E of Exhibit A to the Consent Decree. (A
copy of the proposed Appendix E is being sent to you under
separate cover by the end of this week.)

The statistical procedure is presented in the Development
Document for Effluent Limitations Guidelines and Standards for
the Metal Finishing Point Source Category, EPA, Jun. 83, PB84-
115989.

An affiliate of the Environmental Resources Management Croup with offices in major cities



ERM-Morth Control, Inc.
John Buck and Karen Vendl
Page 2
April 11, 1989

The method consists of calculating a maximum daily limit for
compliance based on the use of a variability factor, which
accounts for the normal fluctuations in wastewater concentrations
expected in well operated treatment systems.

We propose to use the same principle, based on the variability of
the site's conditions, to determine if an individual sample is
above compliance.

The variability factor for the maximum daily limit is "the ratio
of the [delta] log-normally estimated 99th percentile of the
distribution of within-plant pollutant values to the arithmetic
mean of the source values." The delta log-normal distribution
has: (1) a discrete portion which models the possibility of
obtaining a below detection limit value; and (2) a continuous
portion which is a log-normal probability distribution modeling
the distribution of all values above the detection limit.
Appendix E will include the equations to be used for the
statistical analysis, including the test for log-normality.

Also enclosed please find three tables:

1) Calculations of the time for diffusion of
volatilized compounds to concentrations in
equilibrium with soil cleanup standards.

This table shows that the rate of
establishment of soil vapor levels following
SVES is very rapid.

2) Calculation of the time for diffusion of
volatilized compounds to different
percentages of the saturation concentration.

This table shows that even the slowest
diffusing materials (MIBK, PCE and 112-TCA)
will establish 95% of their saturation vapor
levels within 30 min at a distance of 1 cm.
This is equivalent to 5.5 ft in 3.5 days and
therefore, would be collected by the SVES
restart procedure.

Tables 1 and 2 support our position that
twice/week restart spikes, as we proposed at
our meeting, are appropriate.



ERM-North Central, Inc
John Buck and Karen Vendl
Page 3
April 11, 1989

3) Organic carbon content of soils - References.

This table provides an initial list of soil
organic carbon references. We believe the
table amply demonstrates the conservative
nature of the organic carbon level used in
Exhibit A (which was taken from RI).

We trust that the above information, together with the enclosure,
will be agreeable to IDEM and EPA, thus enabling us to
immediately proceed with amending Sections 2.1.4 and 4.0 of
Exhibit A to the Consent Decree.

Very truly yours,

ERM-NORTH CENTRAL, INC.

Roy 0.Ball, Ph.D., P.E.
Principal

1ms
cc: Al Sloan

Charles McKinely,Esq.
ECC Technical Committee



INSERTS TO SECTIONS 2.1.4 AND 4.0

ECC MONITORING

The ECC remediation calls for soil vapor extraction to reduce the

amount of compounds that are the most prone to migrate off-site

via ground water movement. However, there are other constituents

in the soil such as metals and PCBs which will not be removed by

the soil vapor extraction system (SVES). Consequently, a

monitoring plan which adequately determines concentrations of

volatile organics, base neutral/acid extractable organlcs,

inorganics and PCBs in the media of concern is required to verify

that the site does not present a potential threat to human health

and the environment both now and in the future. To accomplish

this level of protection, the following scheme will be

implemented to determine compliance with the Cleanup Standards in

Table 3-1.

1. Soil Vapor Extraction System Monitoring

During the operation of the SVES the extracted vapor

will be monitored as outlined in Section 4.2 of Exhibit

A. The methodology used to determine soil vapor levels

that are in equilibrium with acceptable soil

concentrations, as well as a tabulation of those

numbers, are included in Section 4 of Exhibit A. The

SVES distribution system will be maintained until the

remedy is complete.

The system will be restarted twice per week to

determine whether restart spikes demonstrate vapor

concentrations to be in equilibrium with soil

concentrations below the specified soil cleanup levels.

EiMfconnnntql Rrexrei Hunoynxnt-North Ctntrol Inc
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2. Soil Samples

Once four consecutive restart spikes, as described

above, indicate that the specified soil cleanup levels

have been achieved, a total of sixteen soil samples

from "hot" spots previously defined in the RI, plus

four samples from randomly selected points elsewhere on

site will be collected. All soil samples will be

analyzed for the VOCs in Table 3-1, as well as for

phenol and isophorone. The results of the analyses
\t*

will be evaluated for compliance with the levels

specified in Table 3-1 using the statistical procedure

described in Appendix E.

3. On-Site Till Samples

The on-site till wells will be monitored on a quarterly

basis during the operation of the SVES. After the SVES

is shut down, these on-site wells will be sampled for

five years on a semi-annual basis. The on-site wells

, will be sampled for the volatiles, base neutral/acid

extractable organics, inorganics and PCBs shown on

Table 3-1.

Verification of VOC Cleanup

Operation of the SVES may be discontinued as described

in Exhibit A, Sections 2.1.4 and 4.2. However,

verification of soil cleanup will not be established

until: 1) four consecutive restart spikes are below the

Emdrenmtntql Rnoorw Honogtimnt - North Ctntfd. Inc
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calculated equilibrium point; 2) the post-SVES soil

samples show compliance with the specified soil cleanup

levels for volatiles, phenol and isophorone ; and 3) on

site till wells show compliance with ground water

cleanup levels specified in Table 3-1. If the

verification sampling from any of the above components

show exceedances of their corresponding soil cleanup

levels specified in Table 3-1, the SVES must be

restarted and continued until the above verification

techniques show no exceedances of the soil cleanup

levels specified in Table 3-1 or until Additional Work

is implemented as outlined in Section VII of the

Consent Decree and Section 3.7 of Exhibit A.

4. Compliance Monitoring

The off-site till wells, sand and gravel wells and the

surface water will be sampled on a quarterly basis

during the operation of the SVES. Sampling will be

conducted on a semi-annual basis thereafter to coincide

with the on-site till well analysis. Once it has been

determined that the soil cleanup levels have been

achieved by the restarts, the on-site till well

analysis and the soil sampling (as described above),

the off-site compliance wells and surface water

sampling will be discontinued if the monitoring results

have shown no exceedances of the established ground

water and stream criteria specified in Table 3-1 during

the five years of on-site till well monitoring.

Samples from the wells and surface water will be

analyzed for the VOCs, base neutral/acid extractable

organics, PCBs and inorganics shown in Table 3-1.

EnvhOMimitol Rtwortts Managwntfit-North CmtraLInt
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If the off-site compliance ground water monitoring

wells and surface water samples indicate off-site

contamination above the corresponding levels in Table

3-1, additional remedial measures consistent with

Section VII of the Consent Decree and Section 3.7 of

Exhibit A may be required.

Semi-annual off-site ground water and surface water

compliance monitoring will continue for a period of

five years after any additional remedial measures have

achieved the ground water standards and stream criteria

specified in Table 3-1.

mtol Rnoarcts Managtfiwiit- North CtntraLbic
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(.(791

(.(715

(.102 1
1
1

(.(142 1
1
1

0.0728 1
1
1

(.(741 (
(
(

0.0783

0.0797 0
(
0

.00000

.00000

.00000

.996(4

.99966

.99993

.99999

.00000

.00000

.9995)

.99995

.99999

...

...

...

.00000

.00000

.00000

.00000

.00000

.00000

.99860

.999(6

.99997

.93694

.993(9

.99(74

...

...

...

.96(95

.99690
.99938

Tin to
IOTC 1 ci

* dee)

> 2.9 .29
> 2.9 .29
> 2.9 .29

2.05 .67
2.5 .45
2.1 .36

2.9 .33
> 2.9 .33
> 2.9 .33

2.48 .51
2.8 .40
2.9 .36

> 2.9 .29
> 2.9 .29
> 2.9 .29

> 2.9 .35
> 2.9 .35
) 2.9 .35

2.3 .65
2.65 .49

2.6 .44

1.31 .97
1.93 .91
2.3 .64

1.52 1.36
2.1 0.71

2.45 (.52



Pile 2 of 2

Concentration in
Iquilibriui litk Diffusiritr

Coipouid

1,1,2-Trickloroetkant

Trickloroetkeit

Pkeiol

Isopkoroit

Tapor
Pressure
(u If)

30

57.9

0.341

0.30

Molecular Hole
Veifkt Fraction
(f/fiole) (Mlt/iole)

133

1)2

94.1

138

.01

.10

.50

.01

.10

.50

.01

.10

.50

.01

.10

.50

Saturatioi
Coacentratioi

(if/1)

2.10
21.84
109.20

4.10
41.84
209.10

0.018
0.176
0.878

0.029
0.207
1.435

Soil Cleanup
Staidards
(if/1)

0.000202

0.229

0.0000069

0.000399

of Coipouid Irror
ii lir Fuictioi
(ci2/s) erf(x)

0.

0.

0.

0.

0797 0.99991
0.99999
1.00000

0012 0.94526
0.99453
0.99891

0042

0644

.99961

.99996

.99999

.98610

.99061

.99972

X

2.8
2.9

> 2.9

1.36
1.96
2.35

2.5
2.8
2.9

1.74
2.3
2.55

Tiie to
8oie 1 ci
(sec)

0.40
0.37
0.37

1.66
0.00
0.56

0.40
0.38
0.35

1.28
0.73
0.60

IirilHCIS 1ID IQOiTIOIS:

Taper preiian aid toltcalar leijkt: Froa 'Siperfaid Public lealtk Ifilnatioi laoual,' OSIPI, October 1966, IPi 540/1-86-060.
loll fraction: lamed o»er a raifi of possible raises.

Satiration Concentration (ic/1) :
P . IHi Tp (u If) . xi dol./nol.) . HHi (|/|iole) . 1000 (if/f) . 1000 (ci3/l)

I . T 02.04 [(ati.ci3)/(noli.I)] . 293 (I) . 760 (11 I|/ati)

: 0.0547 . Tp . Ii. Mi

Kktrt: P : partial presaire, u I|; Hi : loltcular iei|kt, f/|Kle; I : |as lai conatant, 02.04 ati.ci3/(iole/I; T : tuptratart,
293 I; Tp : »apor prenore, u If; xi : no It fractioi of coipouid ii air, nolt/nolt.

Diffusifity ii air (at 20 C) -- Di : Froi 'Siperfiid Ixposare issessieit lainal, fiial Draft,' OSIPI, Septtiber 22, 1967, OSVII
Dirtctift 9205.5-1.

Irror function : erf(i) : erf
2 (nrt(Di.t)]

•• 1
C

Cs

Vkere: i = distaict traultd by coipound, 1 ci; t = tiie to travel 1 ci, secoads; C = concentration ii equilibriui litk soil
cltanap staidards (Tiki* 3-1), i|/l; Cs = saturation concentration, u/1; sirt = nuart root; t : x/{2[sqrt(Di.t)]).
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cucouTioi or TII rim roi Dirrosioi or voumizn COIPOOIDS

TO DirrilHT PHCHT1GIS Or Til SiTJHTIOl COICIITI1TIOI

Coipogid

Icetoie

Cklorofori

1,1-Dickloroetkaae

1,1-Dickloroitkne

Itkylbtiieie

letkrleae Ckloride

Ittkrl ItiTl letoit

Iitkrl Iiobatyl Utoii

Tetrackloroetkeie

Tolicn

1,1,1-Trickloroetkaie

Taper lolecalar Hole
Prtttare Heifkt Frictioi
(ni l) (f/fiole) dole/iole)

210 Sl.l 0.01
0.10
0.50

151 11) 0.01
0.10
O.SO

1(2 99 0.01
0.10
0.50

SOO 9T 0.01
0.10
0.50

T 10S 0.01
0.10
O.SO

362 04.9 0.01
0.10
0.50

77.5 T2.1 0.01
0.10
0.50

0 100 0.01
0.10
0.50

1T.I Ifl 0.01
0.10
0.50

21.1 S2.1 0.01
0.10
0.50

123 13J 0.01
0.10
0.50

Sataratioi
Cooceitratioi

(•I/I)

1.59
85.1T

429.34

9.14
91.30

491.00

9.16
91.63

493.14

31.16
311.51

1592.19

0.41
4.06

20.31

16.12
161.23
141.16

3.06
30.59

152.93

0.33
3.21

16.42

1.62
16.17
10.0T

1.42
14.1T
T0.03

1.95
09.55

44T.T3

50, 90 or 95 t of
tk« SataratioD
CoDcentratiot

di/1) x

4.29 50
42.93

214.67

1.15 90
01.52

442.62

I.II 91
01.77

443.13

15.93 50
159.29
796.45

0.20
2.03

10.15

1.41 50
14.12

420.51

1.53 50
15.21
71.47

1.31 95
3.12

15.66

1.54 95
15.37
76.63

1.71
7.01

35.42

4.41 50
44.77

223.07

Diffni i t i ty
of Coipoaad

U l irair
(ci2/i)

0.103

0.0017

0.191

0.0791

0.0715

0.102

0.1042

0.0721

0.1741

0.0713

1.0797

Irror
FMM*! in*
fUBCUOl

erfd)

0.50
0.50
0.50

0.10
0.10
1.10

0.10
0.10
0.10

0.50
0.50
0.50

...

...

...

0.50
0.50
0.50

0.50
0.50
0.50

0.05
0.05
0.05

0.15
0.05
0.05

...

...

...

0.50
0.50
0.50

Tiie to love 1 ci

: dec) (ail)

0.41 11.53
0.41 10.53
0 .40 10.53

0.09 347.96 5.10

0.09 339.17

0.5205 11.67

0.5205 9.05

0.5205 10.96

0.045 1695.14 21.26

1.145 1666.16 27.77

0.5205 11.50



Pift 2 of 2

SO, 90 or 95 I of
the Situritici Diffgtlvitr

Coipoud

l,l ,2-7rickloroetkaie

Trickloroetkeie

Pkeiol

Iiopkoroii

limilCIS UD IQOiTIOIS

Tapor
Premre
(ii If)

30

57.9

0.341

0.31

'

Holecalar
Heifht

(f/fiole)

133

132

94.1

131

Hole
Fractioi

dole/iole)

1. 01
0.10
0.50

1.01
0.10
0.50

.01

.10

.50

.01

.10

.50

Sataratioi
Conceitratioi •

(if/1)

2.11
21.14

109.20

4. It
41.14

209.11

.111

.171

.171

.129

.217

.435

Coiceitratioi of Coipoaid Irror Tin to

(if/1)

2.07
20.75

103.74

2.09
20.92

104.59

.02

.11

.79

.11

.14

.72

Tapor premre ud lolecilar iiifkt: Froi 'Saperfud Pablie lealtk Iraliatioi uiaal,
loll fractioi: limed ow a raife of poiiible falaii.

SltRPftHfll PAft^ftf t tplt 1Aft f»/n -
p . m Tp ii If) . xi (iole/Kle) . HI (tilt

IB nr ruocuoB
S (ci2/i) e r f ( i ) i dee)

95 0.0797 0.05 0.045 1549.02
0.05
0.05

50 0.0112

91 0.0142

50 0.0644

.51 0.5205 11.36

.50

.50

.10 0.09 366.56

.10

.10

.50 1.5205 14.33

.50

.51

' DSIPi, October 19!!, IP1 540/1-11-060.

oil) . 1000 (if/f) . till (c.J/1)

iOTI 1 CI

(lil)

25.12

6.11

I . T 12.14 [(ati.ci3)/(fioli.I)] . 293 (I) . 711 (11 If/ati)

: 1.0547 . Tp . Ii. m

Here: P : partial preitari, 11 If; Hi : Mlecilir iiifkt, f/fiole; I : fat lai con t ait, 12.14 ati.ci3/fiole/I; T = teiperatari,
293 I; Tp : rapor preinri, 11 If; xi : toll fnetioi of coipoaid Ii air, loli/iole.

DiffniiTitT ii air (at 20 C) : Di = Froi 'Siperfud Ixponre iiiesneit lanal, Fiial Draft,' DSIPi, Septeiber 22, 1917, OSVII
Directm 9215.5-1.

x C
Irror fuictioi = erf(x) - erf s j . ...

2 (iqrt(Dl.t)] Ci

Hiere: x : diitaice traieled 17 coipoaid, 1 ci; t - tiie to traiel 1 ci, wcoidi; C : 50, 90 or 95 pereeit of tie tataratioi
coiceitratioi, if/I; Ci : utiratioi coieeitratioi, if/I; iqrt = iqiare root; t : i/(2[sqrt(Di.t))}.
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OIGANIC CARBON CONTENT OF SOILS

IIFIUNCIS

Organic Carbon
Content, S

0.125
(aTg oTer 1.5
acre site)

0.2
(aTg oier l.S
acre site)

0.26
(IT| orer l.S
acre site)

Type of Soil
(depth)

Loaij land
(4 ft)

Loaiy sand
(2 and 3 ft)

Loaij sand
(1 ft)

Geographic Area

Itiunda, CA
(arid region)

Ibid

Ibid

Reference

Ilibd, I., and H.A. Jury. 1916. 'Spatial Taxability
of Pesticide Adsorption Paraieters." InTironiental
Science and Technology, ?ol. 20, No. 3, pp. 256-260.

Ibid

Ibid

1.9

0.1S

2.1

0.11

1.3

0.02

0.52

1.8

Silt loai

Sand close to rirer

Air-dried soil

Loess saiple

Soil

Aqaifer -
later table xone

98 I sand

Aquifer --
later table tone

87 I sand

Aqaifer --
tater table zone

91 I sand

Comllis, 01

Siitmland

loia

Tarin, Iota

Fern Clyffe
State Park, IL

Borden, Canada

Flint, II

Flint, HI

Chioa, C.T., P.I. Porter, and D.N. Schieddign. 1983.
'Partition Equilibria of Nonionic Organic Coipounds
betieen Soil Organic latter and Hater.' InTironiental
Science and Technology, Tol. 17, No. 4, pp. 227-231.

Schiarsenbach, I.P., and J. Hestall. 1981. 'Transport
of Nonpolar Organic Coipounds froi Surface Hater to
Groundiater. Laboratory Sorption Studies.*
InTironiental Science and Technology, 7ol. IS,
No. 11, pp. 1360-1367.

Ha, S., and P.I. Gschiend. 1986. 'Sorptioi Kinetics
of lydrophobic Organic Coipounds to Natural Sediients
aid Soils.' IiTironiental Science and Technology,
Tol. 20, No. 7, pp. 717-725.

larickhoff, S.H. 1984. 'Organic Pollutant Sorptioi
in Aquatic Systeis.' Journal of Hydraulic
hgineering, Tol. 110, No. 6, pp. 707-735.

Ibid

Abdal, A.S., T.L. Gibson, and D.N. lai. 1986. 'The
Iffect of Organic Carbon on the Adsorption of
Floorene by Aquifer laterials.' Hamdous Haste and
Baiardoas laterials. Tol. 3, No. 4, pp. 429-440.

Ibid

Ibid
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Organic Carbon
Content, %

0.05

Type of Soil
(depth) Geographic Area Reference

Fine-sind soil Hiliington, DI Stokiin, S.I. 1987. 'Istiiatea of Concentntions of

0.1

0.05

0.27

0.74

0.44

0.12

0.36

Siily-illt soil Philadelphii, Pa

Fine to coarse
sand, 961 sand

Hichigan

Lincoln fine said
(surface soil)

Little Sandy Creek
near Ada, 01

Fine to lediui
(rained sand

(3ft)

Indian lifer
County, FL

Fine to ledini
(rained sand

(7ft)

Fine to lediui
(rained sand

(13 ft)

Fine to lediui
(rained sand

(3ft)

Indian liter
County, FL

Indian liter
County, FL

Indian liver
County, FL

Soluble Petroleui Hydrocarbons lifratini into Ground
Hater froi Contaiinated Soil Sources." Proceeding!
of the lational Hater Hell Association/Aierican
Petroleui Institute Conference on Petroleui
lydrocarbons and Organic Cheiicals in Ground Hater -
Prevention, Detection and Restoration, ioustoi, TI,
pp. 541-55S.

Ibid

Chiang, C.T., C.L. Ilein, J.P. Salanitro, and B.C.
Hisnieiski. 1986. 'Data Analyses and Coiputer
Modelling of the Benzene Pluie in an Aquifer Beneath
a Gas Plant.' Proceediigs of the latioial Hater Hell
Association/Aierican Petroleui Institute Conference
on Petroleui Hydrocarbons and Organic Cheiicals in
Ground Hater - Prevention, Detection and lestoratioi.
Houston, TI, pp. 157-176.

Clark, G.L., A.T. Ian, aid H.B. Toison. 1966.
'linetic Interaction of Heutral Trace Level Organic
Coipounds lith Soil Organic Baterial." Proceedings
of the Rational Hater Hell Association/Aierican
Petroleui Institute Conference on Petroleui
Hydrocarbons and Organic Cheiicals in Ground Hater -
Prevention, Detectioi and lestoration. Houston, TI,
PP. 151-156.

leibloiski, H.H., J.P. Salinatro, G.H. Deeley, and
C.C. Stanley. 1987. 'Fate aid Transport of lesidual
Hydrocarboi in Gronndiater - A Case Study.'
Proceedings of the lational Hater Hell Association/
Aierican Petroleui Institute Conference on Petroleui
Hydrocarbons and Organic Cheiicals In Ground Hater -
Prevention, Detection and lestoration. Houston, TI,
PP. 207-231.

Ibid

Ibid

Ibid
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Organic Carbon
Content, X

0.15

1.08

0.16

0.72

0.26

0.74

0.33

0.18

0.1

0.08

0.03

0.01

0.59

0.27

Type of Soil
(depth)

fine to lediui
(rained sand
(13 ft)

Fine to lediui
trained sand

(2ft)

Fine to ledioi
(rained sand

(11 ft)

Fine to nediun
(rained land

(3ft)

Fine to lediui
(rained sand
(10 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial till
(4.5-5 ft)

Till
(1-2 ft)

Till
(2-3 ft)

Till
(4-5 ft)

Till
(5-7 ft)

Calcareous,
(lacial till

(1-2 ft)

Calcareous,
(lacial till

(2-3 ft)

Geographic Area

Indian liver
County, FL

Indian Hirer
County, FL

Indian River
County, FL

Indian liver
County, FL

Indian liver
County, FL

Sargent County,
ID

Sargent County,
ID

Sargent County,
ID

Strafford County,
lei laipsbire

Strafford County,
lei lanpshire

Strafford County,
lei laipshire

Strafford County,
lei ianpshire

Greenbrier County,
Hest Tirginia

Greenbrier County,
Heit Tirginia

Reference

Ibid

Ibid

Ibid

Ibid

Ibid

'Soil Classification - A Coiprehensive Systei.'
1960. O.S. Departnent of Agriculture, Soil
Conservation Service, 7th Approxination.

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid
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Organic Carbon
Content, I

0.08

0.38

0.1S

0.17

0.14

0.76

0.3

0.19

0.51

0.18

0.16

0.64

0.36

0.31

0.46

Type of Soil
(depth)

Calcareous,
glacial till

(4-5 ft)

Calcareous,
glacial till

(1-2 ft)

Calcareous,
(lacial till
(2-3 ft)

Calcareous,
glacial till
(4.5-6.5 ft)

Calcareous,
glacial till
(6.5-7 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial till
{> 4 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial till
(3.5-5 ft)

Fin, (lacial till
(1-2 ft)

Fin, glacial till
(2-3 ft)

Firi, (lacial till
(4-5 ft)

Glacial till
(1-2 ft)

Geographic Area

Greenbrier Count 7,
Nest ?ir(inia

Toikins County,
Dei Tork

Toikins County,
Nei Tork

Toikins County,
lei Tork

Toikins County,
Dei Tork

Naseca County,
Minnesota

Naseca County,
Blnnesota

Naseca County,
Minnesota

Sargent County,
RD

Sargent County,
RD

Sargent County,
RD

Spink County,
SD

Spink County,
SD

Spink County,
SD

ieniille County,
RD

Reference

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid
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Organic Carbon
Content, I

0.24

0.13

0.25

0.08

0.74

0.2

0.19

0.35

0.1

0.12

Type of Soil
(depth)

Glacial till
(2-3 ft)

Glacial till
(4-5 ft)

Glacial till
(2-3 ft)

Glacial till
(> 6 ft)

Calcareous,
glacial till

(1-2 ft)

Calcareous,
glacial till

(2-3 ft)

Calcareous,
glacial till

(4-5 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial till
(6-7 ft)

Geographic Area

Benrille County,
ND

Bennlle County,
ND

Adair County,
loia

Adair County,
Ion

Hard Couity,
ID

Hard County,
ND

Hard County,
ND

Cayuga County,
NT

Cayuga County,
NT

Cayuga County,
NT

Deference

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid



ERM-North Central, Inc.

MEMORANDUM

TO: Karen Vendl, USEPA
Al Sloan, CH2MHJ.11

FROM: Roy 0. Ball/Elsie F. Millano
ERM-North Central, Inc.

DATE: May 10, 1989

RE: ECC Exhibit A

As per our telephone conversation of today, we are enclosing our
proposed procedure to establish background ground water quality
at the ECC site. We plan to include this procedure in Section
4.0 - Remedial Action Compliance Monitoring of Exhibit A.

enclosures

cc: Jerry Amber, Ford Motor Company
Donald Smith, Pratt & Lambert
John Kyle, Barnes & Thornburg
Tim Harker, The Harker Firm



PROCEDURE TO ESTABLISH BACKGROUND
GROUND WATER QUALITY AT THE ECC SITE

Background ground water quality will be determined using
historical and cleanup-generated data for the following
background wells: (1) in the sand and gravel, wells 1A, 2A and
one new monitoring well located north of the site, as shown in
Figure 2-7 of Exhibit A; and (2) in the till, one new monitoring
well located north of the site, as shown in Figure 2-7 of Exhibit
A.

Because of the probability of having values below the Required
Detection Limit (RDL), the pooled background data should be
analyzed using the delta log-normal distribution. The following
values will be calculated for each parameter: probability of
observing a value below the RQL (dj), estimated mean of the
transformed data (Xj), and estimated variance of the transformed
data ( 0~ 2) . Equations for each of these parameters will be
included in Exhibit A, and are shown in our May 9, 1989 submittal
to J. Buck and K. Vendl. Log-normality will be established using
the tests specified in that document.

If a non-background value is less than the upper 95th percentile
of the delta log-normal distribution of the background samples,
the Cleanup Standard is concluded to be met. The upper 95th
percentile is calculated as:

P95j » exp (x.) + )J ? )

Should the non-background value be higher than the upper 95th
percentile, resampling will be required.



ERM-North Control, Inc.

MEMORANDUM

DATE:

TO:

FROM:

SUBJECT:

June 9, 1989

Karen Vendl
John Buck
Prabhakar Kasarabada
Al Sloan

Roy Ball /Dave

ECC Consent Decree - Outstanding Technical Issues

Per our telephone conference call last Monday (6/5/89), we
identified three outstanding technical issues which need to be
resolved for purposes of the Consent Decree. Attached for your
consideration is a brief discussion of our suggested approach for
dealing with each of the outstanding technical issues.

Should you have any questions or wish to discuss, please give us
a call.

cc: ECC Steering Committee



ECC CONSENT DECREE

SUGGESTED APPROACH FOR SETTLEMENT OF OUTSTANDING

TECHNICAL ISSUES

ISSUE 1: STATISTICAL PROCEDURE FOR ANALYSIS

OF SOIL CONFIRMATION SAMPLING RESULTS

As we discussed by telephone on 6/5/89, the confidence levels in

estimating the mean exceeds 50% if we have 3 or fewer positive

values and the data are not closely distributed. To avoid

unrealistic reliance on the calculated average only, compliance

with the clean-up standards for soil in Table 3-1 should be based

on an approach which incorporates a confidence limit for the

mean.

Specifically, we propose that for each compound listed in Table

3-1 except isophorone, the numerical average of the 20 soil

sample results for each compound, assigning all non-detect

results a value of 1/2 the detection limit, must not exceed the

prescribed clean-up standard by more than 25%. Isophorone is a

special case and is the subject of discussion in Issue 3 below.

ISSUE 2: COMPARISON OF UPGRADIENT/UPSTREAM DATA

WITH DOWNGRADIENT/DOWNSTREAM DATA

We p r o p o s e tha t the test fo r d i f f e r e n c e be tween

upgradient/upstream data and downgradient/downstream data be

based on the range of such data.

We believe this is preferable to the RCRA students "t"-test,

because of the limited amount of data and the significant

variability evident in historical (R I ) data for the site.

-North Central, inc



Our proposed approach is that the clean-up objective for each

compound in surface water and off-site ground water shall be the

greater of the appropriate criteria shown in Table 3-1 and the

maximum level reported for that compound in upgradient/upstream

samples.

ISSUE 3: COMPLIANCE FOR ISOPHORONE

Using CLP procedures, the required quantification limit for

isophorone in soil is 330 ug/Jcg, however the compliance limit

established in Table 3-1 is only 52 ug/kg. Obviously, an

alternative approach to demonstrate compliance is required.

In lieu of analyzing soil samples directly for isophorone and

employing the approved statistical procedure to demonstrate

compliance, we propose using the analyses of the two surrogates:

the soil vapor and the onsite till water. The levels in the soil

vapor and the ground water which correspond to a value of 52

ug/kg for isophorone in soil are 76 Vppm and 8.5 mg/1

respectively.

The proposed compliance procedure is to collect one vapor sample

from each of the 28 extraction trenches and one water sample from

each of the four onsite till wells and analyze each for

isophorone. Each result will then be transformed to its soil

equivalent, and the resulting 32 data points will be analyzed

using the "statistical procedure" described earlier to

demonstrate compliance with the isophorone limit. The detection

limits for isophorone in vapor and water are 1 Vppm and 2.5 ug/1,

respectively.

EiwboiwMnlul RHOWUS FtawgfiMflt-North Central, inc.
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ERM-North Central, Inc.

MEMORANDUM

TO: Karen Vendl - EPA
Prabhakar Kasarabada - IDEM
Al Sloan - CH2M-HU1

CC: ECC Steering Committee

FROM: Dave Schlott/R.

DATE: June 15, 1989

SUBJECT: ECC Technical Issues

Attached is additional information requested to assist in
resolution of the three remaining technical issues.

o Table 1 is an evaluation of data from a site
in Kimross, Michigan. It has been included
to illustrate data distribution from a site
after completion of vapor extraction. The
"upper bound" using a statistical evaluation
has been calculated and compared to the
calculated average. f

o Table 2 compares the "observed maximum" to
the "upper bound" using a statistical
evaluation of the existing background data
for ground water at the ECC site.

o Table 3 is an evaluation of various equations
for calculating Koc values. Each has been
applied to the calculation of the Koc value
for isophorone.

Please review and I will be calling at 10:30 as scheduled to
discuss. If you have any questions or wish to discuss before
hand, don't hesitate to give me a call at (312) 405-0100.

Followup Note: 6/16/89

Per my conversation with Prabhakar Kasarabada this morning, the
10:30 a.m. telephone conference call for today has been cancelled
and is tentatively rescheduled for 6/23/89. Prabhakar will
advise as to the acceptable time and the list and phone numbers
of IDEM/EPA participants for this call. ERM will initiate the
call. Anyone wishing to discuss the attached information prior
to this conference call, is welcomed to call either Roy or
myself.



TABLE 1

SOIL CONFIRMATION DATA FROM SOIL VAPOR EXTRACTION SYSTEM - KINROSS, MICHIGAN
SOURCE: MIDWEST WATER RESOURCES, INC CHARLOTTE, MICHIGAN

16-Jun-89

BORING NO.

1

2

3
4

5

6

7
8

9
10
11
12
13
14
15
16
17
18

METHOD DETECTION LIMIT(MOL)

# >MDL

CALCULATED AVERAGE

STD DEV

X STD DEV OF AVG
NO. OF VALUES-N

CORRESPONDING "t" STATISTIC

UPPER BOUND OF 90X C.I.*

UPPER BOUND VS CALC.AVG(X):

FROM MWRI DATA ABOVE

ERM PROPOSAL

IDEM PROPOSAL

CASE I

ANALYSIS USING MAXIMUM OBSERVED
VALUES >HOL IN EACH BORING ONLY

MAX. OBSERVED VALUE (mg/kg)

TOLUENE

0.45

0.04

0.01

0.05

0.01

0.02

0.010
6

0.097

0.159
164
6

1.476

0.192

199
125
110

METHYLENE
CHLORIDE 1,2 DCA **

0.03
0.01

0.01

0.010 0.010
2 1

0.020 0.010

0.010 NA
50 NA
2 1

3.078 NA

0.042 NA

209 NA
125 125
110 110

CASE II

ANALYSIS USING OBSERVED
I I

VALUES &| |

1/2 THE MDL FOR NON-DETECTS ||
..... 1 11 1

MAX. OBSERVED VALUE (mg/kg) | |
... .11

METHYLENE
TOLUENE CHLORIDE 1

0.005 0.005

0.005 0.005

0.005 0.005
0.45 0.005

0.005 0.03

0.005 0.01
0.04 0.005

0.01 0.005

0.05 0.005

0.005 0.005

0.005 0.005
0.005 0.005
0.01 0.005

0.005 0.005

0.02 0.005

0.005 0.005

0.005 0.005

0.005 0.005

0.010 0.010
6 2

0.036 0.007

0.101 0.006

285 87
18 18

1.333 1.333

0.067 0.008

190 127
125 125
110 110

I I
I I

,2 DCA "||

0.005)1
0.005 1)

0.005||

0.005 ||

0.005 jj

0.005 ||
0.005 ||

0.005 jj

0.005 jj

0.005)1

0.01||

0.005)1
0.005||

O.OOSJ)

0.005)1
0.005 (I
0.005 (I

0.005 ||

I I
0.010||

1 1 1
0.005)1
0.001 jj

22||
18||

1.333)1

0. 006||

I I
107||
125||
110||

CASE III

ALL MURI DATA

FOR TOLUENE (UG/KG)
USING 1/2 MDL

FOR NON-DETECTS

NO OF
SAMPLES

1878
63

23
13

13

ia

0.010
11

0.007955
0.031874

401
198

1.282

0.011

137
125
110

VALUE

0.005
0.01
0.02
0.04
0.05
0.45

* AVERAGE + (STD DEV)/(SORT(N»"("t" STATISTIC)

** 1,2, OlCHLOROemUE



LO

ECC BACKGROUND MONITORING WELL DATA EVALUATION TABLE 2 (PAGE 1 of 2) - DATA
ur rwAinun UBACKVCLP VHLUI- ¥3. "t"

16-Jun-89 (ug/l)
DETECTION -

COMPOUND LIMIT

ANTIMONY

ARSENIC

BARIUM

BERYLLIUM

CADMIUM

CHROMIUM

LEAD

MANGANESE

NICKEL

SILVER

TIN

VANADIUM

ZINC

CYANIDE

ACETONE

METHYLENE CHLORIDE

MEK

PCE

TCE

XYLENE

BIS-2, ETHL PTH

*

*

**

*

**

*

**

*

**

*

**

a

**

*

**

*

**

*

**

*

**

*

•*

*

**

*

**

*

**

*

•*

•
**

•

**

*

**

*

**

*

**

20

10

100

5

1

50

5

10

40

10

20

200

10

10

10

5

5

5

5

5

20

UlSIKlbUI 1UN

MONITORING WELL ECCMU1A (ug/l) MONITORING

7/19/83 11/29/83 12/13/84 4/27/88

10

5
306
306

2.5

0.5

25

2.5
110

110

20

5

10

100

5

5

5

2.5

2.5

2.5

2.5

2.5

10

10

5
366
366

2.5

0.5

25

2.5
103
103

20
25
25

10

100
45
45

5

5
9

9
9
9
9
9
9
9

2.5
23
23

10

5
328
328

2.5

0.5

11

11

7

7

66

66

20

5

10

100
69

69

5

5
22
22

2.5

2.5

2.5

2.5

10

10

5
316

316

2.5
3
3

3

8

10

10

51

51

6

6

5

10

100

305
305

5

5

2.5

2.5

2.5

2.5

2.5

10

UELL ECCMW2A (ug/l)

7/19/83 11/29/83 12/13/84

10

5
330
330

2.5

0.5

25

2.5
56
56

20

5

10

100

5

5

5

2.5

2.5

2.5

2.5
9
9

10

10

5
268
268

2.5

0.5

25

2.5
49

49

20

5

10

100

11
11

5

5
11
11

2.5
9
9
9
9

2.5

10

10

5
287
287

2.5

0.5
11
11

2.5
49

49

20

65
65

10

100
260
260

5

5
3
3

2.5

2.5

2.5

2.5

10

* - EVALUATION OF DATA USING VALUES GREATER THAN THE DETECTION LIMIT ONLY

** - EVALUATION OF DATA ASUHMING THE VALUE OF NON-DETECT SAMPLES EQUAL TO 1/2 THE DETECTION LIMIT

*** - (AVG)+(((STD OEV)/(SQRT(# OF SAMPtES)))*("t« STAT»



10

ECC BACKGROUND MONITORING WELL DATA EVALUATION

OF MAXIMUM OBSERVED VALUE VS. »t" DISTRIBUTION

DETECTION

COMPOUND LIMIT

COMPUTED COMPUTED # OF "t" STAT

AVERAGE STANDARD SAMPLES FOR

DEVIATION 95X C.I.

TABLE 2 (PAGE 2 of 2) - CALCULATIONS

UPPER

BOUND

USING OBSERVED

C.I.*** MAXIMUM

ANTIMONY

ARSENIC

BARIUM

BERYLLIUM

CADMIUM

CHROMIUM

LEAD

MANGANESE

NICKEL

SILVER

TIN

VANADIUM

ZINC

CYANIDE

ACETONE

METHYLENE

MEK

PCE

TCE

XYLENE

BIS-2, ET

20

10

100

5

1

50

5

10

40

10

20

200

10

10

10

5

5

5

5

5

20

ERR

10.00

ERR

5.00

314.43

314.43

ERR

2.50
3.00
0.86

10.00

18.57
8.50
4.21

69.14

69.14

6.00

18.00
45.00

16.43

ERR

10.00

ERR

100.00

138.00

100.00

ERR

5.00

ERR

5.00
11.25
7.50
9.00
3.43
9.00
4.36
9.00
4.36
9.00
3.43
23.00
11.86

ERR

0.00

ERR

0.00

29.44

29.44

ERR

0.00

0.00

0.87

1.41

7.48

1.50

2.83

24.32

24.32

0.00
4.90

20.00

21.00

ERR

0.00

ERR

0.00

120.26

118.07

ERR
0.00

ERR

0.00

6.87
6.76
0.00
2.27
0.00
2.94
0.00
2.94
0.00
2.27
0.00
4.55

0
7

0

7
7

7

0

7

1

7

3

7

2
7

7

7

1

7

2
7

0

7

0
7

5
7

0
7

0

7

4

7
1

7
2
7
2
7

1

7
1
7

NA

1.943

NA

1.943

1.943

1.943

NA

1.943
NA
1.943

2.920

1.943

6.134

1.943

1.943

1.943

NA

1.943

6.134
1.943
NA

1.943

NA

1.943

2.132

1.943

NA
1.943

NA

1.943
2.353
1.943
NA

1.943

6.314

1.943
6.314
1.943
NA

1.943

NA
1.943

ERR
10.0

ERR
5.0

336.1

336.1

ERR

2.5
3.0
1.5
12.4

24.1

15.0

6.3
87.0

87.0

6.0

21.6

131.7
31.8
ERR

10.0

ERR

100.0

252.7

186.7

ERR
5.0

ERR

5.0

19.3
12.5
9.0
5.1
9.0
6.5
9.0
6.5
9.0
5.1
23.0
15.2

ERR *

10.0 **

ERR *

5.0 **

366.0 *

366.0 **

ERR *

2.5 **

3.0 *

3.0 **

11.0 *

25.0 **

10.0 *

10.0 **

110.0 *

110.0 **

6.0 *

20.0 ••
65.0 *
65.0 **
ERR *
10.0 **

ERR *

100.0 *"

305.0 *

305.0 **

ERR *

5.0 **

ERR *

5.0 **

22.0 *
22.0 •*
9.0 *
9.0 **
9.0 *
9.0 **
9.0 *
9.0 **
9.0 *
9.0 **
23.0 *
23.0 **

* - EVALUATION OF DATA USING VALUES GREATER THAN THE DETECTION LIMIT ONLY

** - EVALUATION OF DATA ASUMMING THE VALUE OF NON-DETECT SAMPLES EQUAL TO 1/2 THE DETECTION LI

*** • (AVG)+«(STD DEV)/(SQRT{# OF SAMPLES)))*("t" STAT))



10 TABLE 3

EVALUATION OF EQUATIONS FOR CALCULATING Koc VALUE FOR ISOPHORONE

*

EQ EQUATION

NO FOR LOG Koc I

1 -.55 LOG S + 3.64

2 -.54 LOG S + .44

3 -.557 LOG S + 4.277

4 .544 LOG KOH + 1.377

5 .937 LOG Kow -.006

6 1.00 LOG Kow -.21

7 .94 LOG Kou +.02

& 1.029 LOG Kow -.18

9 .524 LOG Kow + .855

SOLUBILITY

JNITS REQ'D FOR EQ 1

12000 mg/l

0.00139 HOLE FRACTION

86956 u-moles/l

NA

NA

NA

NA

NA

NA

**

.00 Kow

NA

NA

NA

1.67

1.67

1.67

1.67

1.67

1.67

CALCULATED

log Koc

1 .39645031

1.98277201

1.52581015

2.28548

1.55879

1.46

1.5898

1.53843

1.73008

Koc

24.91439

96.11076

33.55909

192.9656

36.20679

28.84032

38.8866

34.54856

53.71307

Kd

0.030894

0.119177

0.041613

0.239277

0.044896

0.035762

0.048219

0.04284

0.066604

MAXIMUM 192.9656 0.239277

MINIMUM 24.91439 0.030894

CONCLUSION: EQUATION USED TO DETERMINE THE Koc VALUE FOR EXHIBIT A

WAS EQ. NO. 1, WHICH YIELDS THE MOST CONSERVATIVE ESTIMATE OF Kd.

THIS RESULTS IN THE LOWEST VALUES OF ACCEPTABLE SOIL CONCENTRATIONS

WHEN COMPARED TO ALL EQUATIONS EVALUATED ABOVE.

* REFERENCE:"HANDBOOK OF CHEMICAL PROPERTY ESTIMATION METHODS"; LYMAN, REEHL, AND ROSENBLATT

MCGRAW-HILL. 1982; p.4-9

** REFERENCE: "TOXICOLOGICAL PROFILE FOR iSOPHORONE", CLEMENT AND ASSOCIATES (CONTRACTOR;

U.S. PUBLIC HEALTH SERVICE - AGENCY FOR TOXIC SUBSTANCES AND DISESSE REGISTRY;

CONTRACT NO. 205-88-0608, p.57



ERM-Morth Central, Inc.
Environmental Rtsoarcti Managmwnt

102 Wilmot Road • Suite 300 • Deerfleld, Illinois 60015 s (312) 940-7200

July 21, 1989

Karen Vendl
Remedial Project Manager
U.S. Environmental Protection Agency
Region V (5HS-11)
230 South Dearborn Street
Chicago, IL 60604

RE: ECC Site

Dear Karen:

Attached please find 1 copy of the revised Exhibit A. Jerry
Amber at Ford Motors, Dave Schlott and I will be available on
Monday afternoon to answer questions you might have regarding the
changes made to the document.

Very truly yours,

ERM-NORTH CENTRAL, INC.

Elsie F. Millano, Ph.D., P.E.
Senior Project Engineer

jas
Att.

cc: Al Sloan, CH2M-Hill
P. Kasarabada, IDEM
Barbara Rogers, Department of Justice
Helen Keplinger, EPA, Washington
ECC Steering Committee

An affiliate of the Environmental Resources Management croup with offices in major cities
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1 EXHIBIT A
2
3
4
5

6

7 1.0 INTRODUCTION

8

9 This document is a Remedial Action Plan (hereafter, "Remedial

10 Action Plan", "Exhibit A" or the "Document") and describes the

11 work to be performed by the Settling Defendants at the

12 Environmental Conservation and Chemical Corporation ("ECC")

13 Superfund site as required by the attached Consent Decree

14 ("Consent Decree" or "Decree"). This document is attached as

15 Exhibit A to, and is incorporated by reference into and made an

16 enforceable part of, that Decree.

17

18 The purpose of this Exhibit A is to set forth those remedial

19 activities to be performed at the ECC site. The Settling

20 Defendants under the Consent Decree ("Settling Defendants") shall
21 arrange to have the work required hereunder performed by a

22 Contractor or Contractors ("Contractor") in accordance with the

23 requirements and specifications set forth herein.

24

25

26 2.0 REMEDIAL ACTION PLAN

27

28 2.1 Elements of the RAP

29

30 2.1.1 Soil Vapor Extraction, Concentration and

31 Destruction

32

33 The objective of the soil vapor extraction activity is to remove

34 and destroy VOCs and selected base neutral/acid organics from the

35 soils (as provided herein).

36
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37 By systematically and uniformly moving air through the zone of

38 contamination, volatilization and hence removal of organics are

39 accelerated. For the ECC site, air movement through the soil
40 will be controlled by a network of vertical trenches installed

41 throughout the zone of treatment. The process also involves the

42 continuous extraction of organics-laden air from the trench
43 system and treatment of the air by activated carbon to remove the

44 organics. The organics so collected will then be destroyed off-

45 site in conformance with applicable Federal and State

46 requ i rements.

47

48 The effectiveness of vapor extraction for organics removal from

49 the ECC soils was demonstrated during a pilot test conducted by

50 Terra Vac in June, 1988. The description of the pilot test,

51 including the results obtained, was previously submitted to USEPA

52 and the State of Indiana, and is specifically incorporated by

53 reference herein and made a part hereof. The test showed an

54 initial high organics extraction rate of 1.9 pounds per day per

55 foot of trench that decreased over the course of the pilot test

56 to a steady state rate of approximately 0.25 pounds per day per

57 foot of trench. Although the Terra Vac pilot study provides the
58 foundation for the system designed herein for ECC, during the
59 conceptual and preliminary engineering phase, several engineering
60 and operational enhancements were developed which should improve
61 overall performance and effectiveness of the vacuum extraction

62 system to be implemented under this Remedial Action Plan. These

63 system enhancements are the result of consultations among ERM-
64 North Central, Inc., Midwest Water Resource, Inc. (MWRI), and
65 Terra Vac, Inc. A summary of the key improvements and the
66 associated measures employed for this enhanced vapor extraction
67 system are as follows:
68
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69 o Reduction of surface water infiltration

70 within the zone of treatment by construction

71 of the RCRA-compliant (Subtitle C) cover

72 system;

73

74 o Reduction in the volume of air required for
75 effective remediation by reducing air
76 infiltration into the vapor extraction system
77 by constructing the RCRA-compliant (Subtitle

78 C) cover;
79

80 o Reduction of atmospheric discharges of

81 treated extraction air by reinjecting the air

82 through a network of injection trenches
83 installed as part of the vapor extraction
8 4 system;
85

86 o Positive control (collection and removal) of
87 subsurface till water encountered in the zone

^^ 88 of treatment by providing sufficient vacuum

89 and/or supplemental air to remove water which

90 accumulates in the extraction trenches; and
91

92 o Essentially uniform horizontal movement of

93 air through the zone of treatment resulting
94 in enhanced contact between the air and the
95 VOCs in the soil during operation of the soil

96 vapor extraction system by utilizing a

97 network of injection and extraction trenches

98 in conjunction with the impervious cover

99 provided by the RCRA-compliant (Subtitle C)
100 cover system.
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101

102 The following discussion and drawings show concepts and details

103 of the design and operation of the soil vapor extraction system.

104

105 The soil vapor extraction process is illustrated in Figures 2-1

106 and 2-2. The basic operation consists of extraction of air using

107 a single vacuum pump from a network of 28 extraction trenches

108 located throughout the site. Free liquid entrained in the air is

109 removed by gravity in an entrainment separator. Periodically,

110 water which accumulates in the entrainment separator is pumped to

111 an on-site storage tank for subsequent transport to an off-site

112 facility for treatment as necessary, in accordance with

113 applicable Federal, State and local regulations. From the vacuum

114 pump, air passes through the carbon adsorption system, which
115 consists of two upflow carbon columns connected in series. Off-

116 gases from the carbon adsorption system are withdrawn by a pump

117 which boosts the pressure and reinjects air into a network of 26

118 injection trenches located throughout the site. Each injection

119 trench is located between and parallel to a pair of extraction

120 trenches. The injected air then migrates from the injection
121 trench through the soil towards the extraction trench. As the
122 air migrates through the soil towards the extraction trench, the
123 organics are vaporized into the air stream. As described in
124 Section 2.1.2, the RCRA-compliant (Subtitle C) cover will be

125 placed over the entire trench network to prevent air and water

126 infiltration into the system during operation.

127

128 The major system components are:

129

130 o Extraction and injection trenches;

131

132 o Soil vapor extraction system;

-4-
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(SEE FIGURE 2-2)
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V"
JTERY LIMITS
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k
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133

134 o Water collection system;

135

136 o Carbon adsorption system;

137

138 o Air injection system; and
139
140 o RCRA-compliant (Subtitle C) cover.

141

142 A description of the design and operational features of each of
143 these components is presented below.

144

145 Extraction and Injection Trenches

146

147 The area where remedial activity will occur is depicted in Figure

148 2-3. The west boundary of Area 1 encompasses the extent of ECC

149 activities as verified by an examination of aerial photographs
150 and coincides with a pre-existing earthen berm which formed the

151 western boundary of ECC's water containment system for this area.
152
153 The layout and construction details for the network of 28
154 extraction trenches and 26 injection trenches are presented in

155 Figures 2-4 and 2-5. Trench spacing will be 18 feet, and trench
156 length varies depending on the configuration of the site.
157 Construction details of extraction trenches and injection
158 trenches are identical. By implementing minor above-ground

159 piping changes, injection trenches can and will be utilized as
160 extraction trenches. The work required under this Remedial

161 Action Plan will initially involve using the original extraction

162 trenches for extraction; at some point in the process, the

163 extraction trenches will be converted to injection trenches, and
164 vice versa, to ensure complete vapor extraction of the soil.
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LOCATION COORDINATES
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SEQUENCE OF CONSTRUCTION ACTIVITIES:

1. GRADE EXISTING TREATMENT SITE (AREA
NOS. 1.2, & 3) TO EVEN SLOPE.

2. EXCAVATE INJECTION AND EXTRACTION TRENCHES.
3. FILL INJECTION TRENCHES WITH

FLOAT STONE AS SHOWN ON
FIGURE 2-5.

4. FILL EXTRACTION TRENCHES TO GRADE WITH
FLOAT STONE AS SHOWN ON
FIGURE 2-5.

5. EXCAVATE DEADMAN TRENCHES AS SHOWN ON
FIGURE 2-6.

6. SOIL REMOVED FROM TRENCHES DURING
CONSTRUCTION SHALL BE GRADED OVER THE
SURFACE IN AREAS 1 AND 2 PRIOR TO
INSTALLATION OF THE COVER SYSTEM.

7. COVER TREATMENT SITE WITH 1 FOOT OF
NATIVE SOIL IN 6" LAYERS COMPACTED
TO 95% PROCTOR DENSITY.

8. COVER TREATMENT SITE WITH 60 mil
HOPE PLASTIC MEMBRANE ANCHORING ALL SIDES
IN DEADMAN TRENCH AS SHOWN ON
FIGURE 2-5.

9. COVER TREATMENT SITE WITH 6" DRAINAGE
LAYER OF SAND AS SHOWN ON
FIGURE 2-5.

9 EXTRACTION TRENCHES 9 :'-6.Cr £ SPACING

8 INJECTION TRENCHES 9 .J6.Q- 1 SPACING 18.0''

APPROX. SCALE (ft

25 50 100

LEGEND:

Y/////,
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19 EXTRACTION TRENCHES O 36.0' t_ SPACING

ENVIRONMENTAL CONSERVATION
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PLACE
SAMPLE TAP

IN HORIZ. RUN
_60 Ull HOPE

MEMBRANE

LOW POINT
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BOTTOM SLOPED
AT MINIMUM OF
1/16" PER FT.

SECTION A-A
(TYPICAL OF INJECTION AND EXTRACTION TRENCHES)

DEADMAN TRENCH <£. ft x-EXTRACTION TRENCH

PRELIMINARY GRADE

REMEDIAL SITE
BOUNDARY

SECTION B-B

2'-9' DEADMAN TRENCH

6" HOPE PIPE SECTION
WELDED TO PIPE MEMBRANE

60 mil HOPE
MEMBRANE

2" MONITORING WELL (ON-SiTE)
(DETAIL FIG. 2-8)

SAMPLING PORT DETAIL

SECTION C-C
NOTE: SECTIONS REFER TO PLAN

SHOWN IN FIGURE 2-4.
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MINIMUM
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AREA ONLY
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1111

COMPACTED NATIVE SOIL SAND COVER

NOTE: NOT TO SCALE

NOTE: FINAL COVER SLOPE 2% MINIMUM.
SEED WITH APPROPRIATE SEED
MIXTURE OF GRASSES.

FINAL RCRA-COMPUANT COVER
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165

166 All trenches are to be a minimum of 9-feet deep as measured from

167 existing grade, and will be backfilled with washed "float" stone.

168 The trench width will be 12-15 inches. The bottom elevation for
169 both injection and extraction trenches will be sloped at a

170 minimum of 1/16-inch per foot to a low point located at the water

171 collection pipe as noted in Section A-A of Figure 2-5.

172

173 Soil removed from the trench excavation will be spread over the

174 surface prior to construction of the cover system and covered in

175 accordance with the final RCRA-compliant (Subtitle C) cover

176 detail illustrated in Figure 2-5. Soil removed from the trenches

177 constructed in the areas of the concrete pad (Area 3) will be

178 spread over the surface in Areas 1 and 2 with trench spoils from

179 those areas.

180

181 Each trench will be equipped at one end with a vapor extraction

182 pipe and a water collection pipe as illustrated in Section A-A of
183 Figure 2-5. Both pipes will be 4-inch diameter, Schedule 40 PVC.
184 Each pipe segment will be equipped with pressure/vacuum

185 indicator, isolating valve and sample tap. A "T" at the top of

186 the water collection pipe will permit the future installation of

187 air piping to air lift water from the trench network, if
188 necessary. Individual 4-inch, Schedule 40 PVC pipes will be

189 routed from each extraction trench to the extraction module. The
190 extraction module will be located adjacent to the existing
191 concrete pad near the site entrance. Alternatively, two or three
192 extraction trenches will be manifolded together and conveyed to
193 the extraction module via a 4-inch, Schedule 40 PVC pipe.

194 Injection trench piping is identical to the extraction trench

195 piping and, as previously described, will permit it to be
196 utilized as an extraction trench during the operation of the
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197 vapor extraction system. To minimize field piping from the

198 extraction module to the injection trenches, 4 to 8 injection

199 trenches will be manifolded together. Four-inch, Schedule 40 PVC

200 pipe will be used to convey air returned from the extraction

201 module to the injection trench.

202

203 The Sump Well installed by EPA will be backfilled with the

204 material used to backfill trenches (i.e, float stone) and a 4-

205 inch PVC pipe will be installed between the sump and the nearest

206 extraction trench, thereby tying the Sump Well directly into the
207 vapor extraction system. The existing 20 ft. x 20 ft. sump will
208 be handled similarly, and will be dewatered prior to installing

209 the RCRA-compliant (Subtitle C) cover system. All water removed
210 from this sump will be handled in accordance with applicable
211 Federal, State and local requirements.

212

213 Soil Vapor Extraction System

214

215 The vacuum pump will have a nominal capacity of 500 standard

216 cubic feet per minute (SCFM) and will be capable of developing a

217 vacuum of 18 inches Hg. The normal operating vacuum is

218 anticipated to be 12 inches Hg. Based on MWRI's experience with

219 soils characteristic of the ECC site and on the Terra Vac pilot
220 study results at the ECC site, the zone of influence at the
221 operating vacuum will be at least 40 feet (20 feet either side of
222 the trench). The pilot test results showed an initial radius of

223 influence of 15 feet during trench development. Under continuous

224 operation, the radius of influence increased to about 20 feet.

225 The enhanced operating efficiency obtained by installing an

226 impervious cover and injecting air will increase the radius of
227 influence to over 20 feet. To be conservative, a spacing between
228 trenches of 18 feet was selected.
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229

230 The vacuum will be applied at the trench outlet and will be

231 distributed throughout the entire length and vertical dimension
232 of the trench. The highly porous backfill material used will
233 assure this uniform distribution of vacuum throughout the

234 extraction trench. The reinjection pressure of air in each

235 adjacent injection trench will be approximately 37.4 inches Hg

236 (1.25 atm). Therefore, the pressure differential and driving

237 force for air movement between injection and extraction trenches

238 under normal operating conditions is approximately 19.4 inches Hg
239 (0.65 atm).

240

241 The selection of the design air volume of 500 SCFM is based upon

242 MWRI's experience and is consistent with the Terre Vac pilot

243 plant test results. The criteria established is to provide at

244 least one air volume change per soil pore volume per day. Based

245 upon an area of treatment of 150,000 square feet, a depth of

246 contamination of 9 feet, and a soil porosity of 10%, 500 SCFM

247 exceeds the MWRI criteria by 400%.

248

249 The vapor extraction process will operate continuously and will
250 shut down automatically only in the event of an operating problem
251 or malfunction. The following are conditions which will shut

252 down normal operating sequence of the vapor extraction system:
253
254 o High vapor temperatures above the estimated

255 acceptable range of 150 to 180°F prior to
256 activated carbon treatment;
257
258

259

260
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261 o Low vapor temperatures below the estimated

262 acceptable range of 75 to 85°F prior to

263 activated carbon treatment indicating

264 relative humidity above the estimated

265 acceptable range;

266

267 o High water level in water entrainment

268 separator indicating operating problems with

269 liquid transfer operation;

270

271 o High water level in subsurface water storage

272 tank;

273

274 o High or low pressure conditions on vacuum or

275 injection pumps under normal operating

276 conditions; and

277

278 o Power interruptions for the site.

279

280 During normal operation, vapor extraction will be stopped to

281 facilitate carbon vessel change out as described later in this

282 section and during transfer of water from the entrainment

283 separator to the on-site subsurface water storage tank, or to

284 conduct restart spike tests.

285

286 The air extracted from the system will be continuously monitored

287 by in-line instrumentation as shown on the process flow diagram

288 (Figure 2-2) and described on Table 2-1 (Instrument Summary

289 Sheet). The capability will exist to sample individual trench

290 exhausts or the combined air stream. Sample taps will be

291 provided to collect vapor samples for detailed chemical analysis.
292 The on-line instrumentation will consist of a photoionization
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293 detector (PID) and moisture analyzer. The vacuum pump, controls

294 and instrumentation will be located in the Vapor Extraction

295 Module Building.

296

297 Water Collection System

298

299 The high vacuum vapor extraction system selected will be capable

300 of entrainment and movement of water which accumulates in the

301 extraction trenches. Any free liquid in the extracted vapor will

302 be separated by gravity in an entrainment separator located in

303 the Vapor Extraction Module Building. A level control system

304 will be utilized to control the removal of water which

305 accumulates in the entrainment separator as required. The

306 separator tank is equipped with a vacuum breaker system which

307 will open the tank to the atmosphere to permit water to be

308 transferred by pump from the separator to an on-site water

309 storage tank as necessary. The time required to make this

310 transfer will depend upon the equipment supplied by the vapor
311 extraction system vendor selected.

312

313 The size of the storage tank will depend upon the off-site
314 handling/treatment option selected. If water collected from the
315 soil vapor extraction system is to be discharged to the Northside

316 Sanitary Landfill (NSL) pipeline, a 1,000-gallon storage tank
317 will be used; or if water collected is to be hauled off-site by

318 tank truck for disposal, a 10,000-gallon tank will be used. The

319 tank will be equipped with level measurement and control to
320 advise operating personnel to the status of liquid accumulation
321 in the storage tank. Periodically, the contents of the water

322 storage tank will need to be removed. The removed water will
323 either be sent to the Indianapolis POTW via the NSL pipeline or
324 truck, or to another off-site facility for handling and treatment
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325 as necessary, in accordance with applicable Federal, State and

326 local regulations.

327

328 Carbon Adsorption System

329

330 From the water entraimnent tank, the air passes through a

331 particulate filter preceding the vacuum pump. The pressure drop
332 across the filter will be monitored and used as the signal for
333 determining servicing of the filter element. The exhaust from

334 the vacuum pump will be piped directly to a two-stage carbon

335 adsorption system (primary and secondary). This system will

336 consist of two vessels in series each containing approximately
337 1,800 pounds of granular activated carbon. The organics
338 contained in the extracted air will be adsorbed on the activated

339 carbon. The moisture content of the air stream will be less

340 than 50% relative humidity and temperatures will be approximately

341 150°F, both acceptable for efficient operation of carbon

342 adsorption.

343

344 During the initial phases of operation, when organics

345 concentrations in the air stream will be highest, the carbon

346 capacity for the organics is expected to be about 25% by weight.
347 During the latter phases of remediation as organic concentration

348 of vapor decreases, the projected carbon capacity for organics

349 will rang* between 10-15% by weight. Based upon an assumed total
350 mass of organics of about 5,000 pounds (Appendix A), the total
351 quantity of activated carbon required for the entire remediation

352 program is 25,000 pounds. This equates to fourteen 1800-pound
353 carbon vessels for the entire program. The actual amount of

354 carbon used will depend upon the total mass of organics extracted

355 during operation of the soil vapor extraction system and the
356 carbon adsorption capacity.
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357

358 The vapor from the primary carbon vessel will be monitored

359 frequently (approximately once per hour) by an on-line PID

360 analyzer. When the PID analyzer detects organic vapor in the air

361 stream between the primary and secondary carbon vessels, the

362 vacuum extraction system will shut down automatically to permit

363 the removal and replacement of the "spent" primary carbon vessel.

364 An operator will be alerted to this condition, and will
365 disconnect the primary carbon bed from service. The spent carbon

366 vessel will be removed and replaced by a carbon vessel containing

367 fresh activated carbon. The unit previously serving as the

368 secondary carbon bed will become the primary carbon bed and the
369 unit just placed in operation will be the secondary carbon bed.

370 Once this switch is complete, the soil vapor extraction system

371 (i.e., vacuum pump and injection pump) will be restarted, and the

372 system operation resumed. The arrangement of two activated

373 carbon vessels in series (i.e., primary and secondary) will

374 permit optimal utilization of the activated carbon, and efficient

375 capture of the organics.

376

377 The spent carbon vessels will be stored on-site. The vessels

378 will be stored on the existing concrete pad adjacent to the vapor

379 extraction module building, inside the fenced area. An

380 approximate location of this area is shown in Figure 2-4. The

381 inlet and outlet connections to each vessel will be capped and

382 sealed appropriately. Periodically when a truckload quantity of

383 vessels has accumulated, and at the conclusion of the vacuum

384 extraction program, the vessels containing the spent carbon will

385 be transported in accordance with applicable Federal, state and

386 local requirements to an off-site facility where the carbon will

387 be regenerated by high temperature incineration, and in the
388 process, the organics adsorbed on the carbon will be destroyed.
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389 Air Injection System

390

391 The exhaust air from the secondary carbon bed will be piped to

392 the injection pump located in the extraction module building.

393 The injection pump will be capable of delivering 500 SCFM at 10
394 psig (1.65 atm) . The discharge from the injection pump will be
395 distributed to the 26 injection trenches via a system of
396 manifolds. Control of the injection pump will be interlocked
397 with the vacuum extraction pump. The pipe at each injection
398 trench will be equipped with a pressure/vacuum gauge so that
399 injection pressure at the trench can be periodically monitored.

400
401 During the soil vapor extraction program, the injection trenches
402 will be utilized as extraction trenches and vice versa. This can
403 be accomplished by minor above ground manifold piping
404 modifications. It is also planned that as the Cleanup Standards

405 set forth in Table 3-1 below are met for individual trench
406 "areas", the corresponding extraction and injection trenches will

407 be isolated from the extraction and injection operation by

,|-(, 408 closing the shut off valves located at each trench. This will

409 permit the soil vapor extraction system to concentrate on any

410 remaining areas which have not fully achieved the cleanup

411 Standards specified in Table 3-1, thereby accelerating cleanup of
412 those areas.

413

414 RCRA-Conpliant (Subtitle C) Cover
415

416 The operation of the vapor extraction system will be enhanced by

417 the installation of the RCRA-compliant (Subtitle C) cover over

418 the entire site. Details and a schedule for installation of the

419 final RCRA-compliant (Subtitle C) cover are presented in Section

420 2.1.2.
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421

422 Miscellaneous

423

424 o Each extraction trench is equipped with two
425 sample taps, one on the vacuum pipe and one

426 on the water collection pipe. Each of these

427 taps can be fitted with a sample bottle for

428 the collection of free moisture.

429

430 o Electrical service required for the site

431 remediation work is anticipated to be 3-

432 phase 460 volt. Total electrical demand will

433 be approximately 100 KVA. Power distribution

434 will be to the extraction module building.

435 Operating voltage for the extraction and

436 injection pumps is anticipated to be 460

437 . volts. A 110 volt supply will be provided

438 for miscellaneous site lighting, equipment,

439 instrumentation and controls. Power

440 distribution to any site construction and

441 office trailers will also be provided.

442

443 o Prior to construction of the trenches, the

444 following activities will be conducted:

445

446 1. The existing buildings within the

447 area currently fenced will be

448 demolished and disposed of off-

449 site;

450

451

452
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452 2. The existing tanks removed and

453 properly disposed of off-site; and

454

455 3. The site will be graded to fill

456 existing depressions and to

457 eliminate any sharp grade changes.

458

459 2.1.2 RCRA-Compliant (Subtitle C) Cover

460

461 The RCRA-compliant (Subtitle C) cover illustrated in Figure 2-5

462 will consist of a minimum of 1-foot of compacted, highly

463 impermeable native soil, a continuous welded 60 millimeter high
464 density polyethylene (HDPE) plastic membrane, a minimum 6-inch

465 layer of compacted sand for drainage, 1 to 3 feet of
466 miscellaneous soil/fill material and 1 foot of top soil to
467 support vegetation. The final grading plan will ensure a minimum
468 slope of 2%. The native soil used will be the silty clay till

469 available in the area, which can and will be compacted by

470 standard methods to 95% proctor density. If soil from the NSL
471 borrow area is not available, material with similar performance

472 will be obtained from another source.

473

474 To provide a perimeter seal of the HDPE membrane, a 1-foot wide,

475 3-foot deep "deadman trench" will be installed around the site

476 boundary (Figure 2-6). The HDPE membrane will be draped into

477 this trench. The trench will then be backfilled and compacted

478 with native soil (silty clay till) to 95% proctor density. The

479 cover will extend approximately 6 feet beyond the deadman trench

480 as noted on Figure 2-6 and detailed on Figure 2-5.

481

482

483

-15-



484 As previously described, the material excavated from the trenches

485 will be graded uniformly throughout trench areas 1 and 2 and

486 incorporated into the top layer of existing surface soil prior to

487 the construction of the RCRA-compliant (Subtitle C) cover as

488 shown in Figure 2-5.

489

490 The RCRA-compliant (Subtitle C) cover will be installed over the

491 entire site, including the concrete pad. Prior to operation of

492 the soil vapor extraction system, the following components of the

493 RCRA-compliant (Subtitle C) cover will be installed: (1) 1-foot

494 minimum compacted native soil; (2) a 60 mil HDPE membrane; and

495 (3) 6 inches of sand. The remaining components (1-foot minimum

496 miscellaneous soil/fill, 1-foot minimum topsoil and appropriate

497 vegetation) will be installed during operation of vapor

498 extraction in accordance with the schedule presented in Section

499 5.0. At completion of the soil vapor extraction program all

500 surface piping will be removed from the site in addition to any

501 equipment, buildings or trailers. At that time the extraction
502 and injection trench piping may be cut off at the current grade,

503 filled with grout, and covered with a minimum of 1 foot of

504 topsoil, which will be vegetated. Vegetation which will be
505 established shall include fibrous, shallow, laterally growing

506 roots, such as grass (which may include red fescue and Kentucky

507 blue grass).

508

509 2.1.3 Access Restrictions

510

511 Access restrictions to be implemented by the Settling Defendants

512 will consist of a fence around the site perimeter and the posting

513 of warning signs.

514

515
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516 2.1.4 Subsurface and Surface Water Monitoring

517

518 The monitoring activities will:

519

520 o Detect any migrating VOCs, base neutral/acid

521 organics, PCBs, and heavy metals as specified

522 in Table 3-1 in the subsurface and surface

523 water during and after vapor extraction; and

524

525 o Monitor and verify the effectiveness of the

526 soil vapor extraction program.

527

528 Two types of subsurface water monitoring systems will be
529 installed under this Remedial Action Plan. The first is an on-
530 site till monitoring system consisting of four wells screened in
531 the till. The location of these on-site till wells is shown in

532 Figure 2-7. Sampling results from the on-site till wells will be

533 compared to the Acceptable Subsurface Water Concentrations in

534 Table 3-1 or the Applicable Background Concentrations defined in

535 Table 3-1 ("Applicable Background Concentrations").
536
537 Samples from the on-site till monitoring wells will be collected

538 at the beginning of the soil vapor extraction operation and

539 quarterly thereafter until completion of the soil vapor

540 extraction program. Monitoring will be continued on a semi-

541 annual basis as specified in Section 4.0. Every time samples are
542 collected from the on-site wells, the soil vapor extraction
543 system will be shut down to allow water, if any, to stabilize

544 within the till. Samples collected from the on-site wells will

545 be analyzed for the parameters with Acceptable Subsurface Water
546 Concentrations in Table 3-1.
547
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548

549 The second type of subsurface water monitoring system consists of

550 off-site wells screened in the till and offsite wells screened in

551 the sand and gravel. Sampling results from these wells will be

552 used to determine compliance with the Acceptable Stream

553 Concentrations in Table 3-1 or the Applicable Background

554 Concentrations. This second subsurface water monitoring network

555 will consist of ten (10) wells, which will be located around the

556 periphery of and downgradient from the ECC site (Figure 2-7). In

557 addition, a piezometer will be installed on the east side of the

558 site, as shown in Figure 2-7, to aid in defining the direction of

559 till water flow. six (6) wells will be installed in the till,
560 completed in the saturated zone, and four (4) wells will be

561 completed in the sand and gravel unit underlying the saturated

562 surface till.

563

564 All wells (on-site and off-site) will be constructed of 2-inch

565 PVC pipe. Screen length will vary for each well. Total depth

566 for the wells completed in the till will be 1-2 feet less than

567 total depth to the contact between the till and underlying sand

568 and gravel. Wells completed in the sand and gravel will screen

569 the total thickness of that sand and gravel unit. Screens will

570 have a 0.01 inch opening. Wells will have a sand pack to one

571 foot above the top of screen and a bentonite grout to the ground

572 surface. For the on-site till wells, a sampling port will be

573 fabricated in the HOPE membrane which will prevent infiltration

574 of air via these monitoring wells during operation of the soil

575 vapor extraction system. A detail of this sampling port is shown

576 on Figure 2-5. Figures 2-8 and 2-9 illustrate well construction

577 details for the subsurface water monitoring wells in the till and

578 in the sand and gravel, respectively. Details of the piezometer
579 construction are shown in Figure 2-10. The location of the
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580 monitoring wells is based on the subsurface water elevation

581 contours shown in Figure 2-11.

582

583 Samples from the off-site wells will be collected quarterly

584 during operation of the vapor extraction system and analyzed for

585 the parameters with Acceptable Stream Concentrations in Table 3-

586 1. Monitoring will be continued on a semi-annual basis as

587 specified in Section 4.0.
588

589 The surface water will be monitored by sampling the Unnamed Ditch

590 just upgradient and just downgradient of the ECC site as depicted

591 in Figure 2-7. Surface water will be sampled at the same
592 frequency as the off-site subsurface water and analyzed for the

593 parameters with Acceptable Stream Concentrations in Table 3-1.

594

595

596 3.0 REMEDIAL ACTION CLEANUP STANDARDS

597

598 This section presents site-specific Cleanup Standards to be used

599 at the ECC site as the criteria for determining the end point of

600 remediation activities. The Cleanup Standards in this section
601 are the basis for establishing the criteria for Soil Cleanup

602 Verification presented in Section 4.2, and the Post-Soil Cleanup
603 Verification Compliance Monitoring in Section 4.3. If Soil

604 Cleanup Verification as defined in Section 4.2 and the

605 subsections thereof is not achieved within 5 years of commencing

606 operation of the soil vapor extraction system, the Additional
607 Work provisions of Section VII of the Consent Decree will apply.
608
609

610

611
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612 3.1 Cleanup Standards

613

614 The following Cleanup Standards will be met for successful

615 completion of the soil vapor extraction program:

616

617 o Acceptable Soil Concentrations shown in Table

618 3-1 will be achieved;

619

%,^ 620 o Acceptable Stream Surface Concentrations
621 shown in Table 3-1 or Applicable Background
622 Concentrations will be achieved in Unnamed

623 Ditch south of and adjacent to ECC;

624

625 o Acceptable Subsurface Water Concentrations in

626 Table 3-1 or Applicable Background

627 Concentrations in the on-site till wells will

628 be achieved; and

629

630 o Acceptable Stream Concentrations in Table 3-1

1̂1̂  631 or Applicable Background Concentrations in

632 the off-site wells will be achieved.

633

634 The term "Table 3-1" wherever referred to or used in this Exhibit

635 A and in the Consent Decree includes the Footnotes on page 2 of 2

636 of that table.

637

638

639

640

641

642

643
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TABLE 3-1 (Page 1 of 2)
SITE-SPECIFIC ACCEPTABLE CONCENTRATIONS

ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION (ECO SITE

Compounds

Acceptable
Subsurface Water
Concentration (1,2)

(ug/l)

Acceptable Stream
Concentration (3,4)

(ug/l)

Acceptable Soil
Concentration (5,6)

(ug/kg)

VOLATILE ORGANICS (VOCs):
Acetone
Chlorobenzene
Chloroform
1 , 1 -0 i ch I oroethane
1,1-Dichloroethen*
Ethyl benzene
Hethylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1 , 1 , 1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate
Di-n-Butyl Phthalate
Oiethyl Phthalate
Isophorone
Naphthalene
Phenol

INORGANICS:
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium VI
Lead
Manganese
Nickel
Silver
Tin
Vanadium
Zinc
Cyanide

PESTtCIOES/PCBs:
PCBs

3,500
60
100
0.38
7

680
4.7
170

1,750
0.69
2,000
200
0.61

5
440

2.5
3,500
28,000

8.5
14,000
1,400

14
50

1,000
175
10
50
50

7,000
150
50

21,000
245

7,000
154

0.0045

RB
MCLGP
MCL
RB
MCL
MCLGP
RB
LDUHA
RB
RB
MCLGP
MCL
RB
MCL
MCLGP

RB
RB
RB
RB
RB
RB

RB
MCL
MCL
RB
MCL
MCL
MCL
RB
LDWHA
MCL
RB
RB
RB
LDUHA

RB

15.7

1.85
3,280
15.7

8.85
3,400
5,280
41.8
80.7

50,000
154,000
52,100

620
570

0.0175

11
10

100

47
5.2

490
10,100
2,300
5.7
120

234,000
20
75

8,900
130

238,000
7,200

22
240

195,000

(7)

9,800



TABLE 3-1 (Page 2 of 2)
SITE-SPECIFIC ACCEPTABLE CONCENTRATIONS

ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION (ECO SITE

NOTES:

(1) RB = Risk-based standard. U.S. EPA, Draft RCRA Facility Investigation Guidance, 1987.
MCL - Drinking water Maximum Contaminant Level. 40 CFR U1.
MCLGP = Drinking water MCL goal, proposed. U.S. EPA, Superfund Public Health Evaluation

Manual, update of November 16, 1987.
LDUHA = Lifetime drinking water health advisory. U.S. EPA, Superfund Public Health

Evaluation Manual, update of November 16, 1987.
(2) In the event that higher concentrations than those set forth in this column are or have

been detected in the upgradient subsurface water, then those higher upgradient
concentrations and not the values set forth in this table shall constitute the Acceptable
Subsurface Water Concentrations within the meaning of this Exhibit A and the Consent
Decree. Those higher upgradient concentrations are referred to in this Exhibit A as
"Applicable Background Concentrations."

(3) Stream Criteria, from Table 1 of the Record of Decision for the site, September 25, 1987.
(4) In the event that higher concentrations than those set forth in this column are or have

been detected in the upstream surface water, then those higher upstream concentrations
and not the values set forth in this table shall constitute the Acceptable Stream
Concentrations within the meaning of this Exhibit A and the Consent Decree. Those higher
upstream concentrations are referred to in this Exhibit A as "Applicable Background
Concentrations."

(5) Acceptable Soil Concentration is based on ingest ion of subsurface water at the site
boundary, assuming a dilution of leachate to subsurface water of 1:196 (Appendix B).

(6) The arithmetic average of the 20 soil sample results for each parameter (except for
isophorone), assigning all non-detect results a value of one-half the detection limit,
will constitute the Acceptable Soil Concentrations within the meaning of this Exhibit A
and the Consent Decree provided they do not exceed the values set forth in this table
by more than 25 percent.

(7) Compliance for isophorone will be determined as follows: One vapor sample from each of
the 28 extraction trenches and one water sample from each of the four on-site till wells
will be analyzed for isophorone. The vapor results will be transformed to the soil
equivalent concentrations following the procedure shown in Table 01 of Appendix D. The
water results will be transformed to the soil equivalent concentrations following the
procedure shown in Table 86 of Appendix B. The arithmetic average of the 32 transformed
soil equivalent concentrations, assigning all non-detect results a value of one-half the
vapor or water detection limit (as applicable), will constitute an "Acceptable Soil
Concentration" within the meaning of this Exhibit A and the Consent Decree provided it
does not exceed 52 ug/kg by more than 25 percent.



644 3.2 Calculation of Cleanup standards

645

646 Table 3-1 sets forth the ECC site specific Cleanup Standards and

647 Applicable Background Concentrations. The equations for

648 calculation of the risks, supporting data and complete references

649 are included in Appendix B.

650

651 The calculation of risk-based concentrations shown in Table 3-1

652 follows the procedures presented in the USEPA Draft RCRA Facility

653 Investigation (RFI) Guidance, July, 1987, and in the USEPA

654 Memorandum on Interim Final Guidance for Soil Ingestion Rates,

655 January 27, 1989. In accordance with this latter reference, the

656 soil ingestion rate for risk calculation was either 0.1 grams of
657 soil per day for a 70 kilogram person for 70 years (for compounds

658 with potency factors) or 0.2 grams of soil per day for a 17

659 kilogram child for 5 years (for compounds with reference doses).

660 In accordance with the RFI Guidance document referenced above,

661 the ingestion rate used for the risk calculation was 2 liters of

662 water per day by a 70 kg person for 70 years.

663

664 Three columns of data, corresponding to Acceptable Concentrations

665 for Subsurface Water, Stream and Soil are presented in Table 3-1.

666 Additionally, Applicable Background Concentrations for Subsurface
667 Water, and Stream Water are defined in Table 3-1. Subsurface
668 water concentrations are based on either drinking water standards
669 or criteria (Maximum Contaminant Level [MCL], proposed Maximum
670 Contaminant Level Goal [MCLGP], lifetime drinking water health

671 advisory [LDWHA]) or the appropriate risk-based concentration.

672 These limits assume, as a worst case, that the subsurface water
673 in the till could be utilized as a lifetime source of drinking

674 water. However, the use of the subsurface water in the till as a
675 source of drinking water was rejected as infeasible in the ECC

-21-



676 Remedial Investigation (RI), page 6-22. As a result, the use of

677 drinking water standards and risk-based standards based upon

678 daily, long-term human consumption of the till water for Cleanup

679 Standards under this Remedial Action Plan represents an extremely

680 conservative assumption when the real-life risks, if any,

681 presented by the ECC site are considered.

682

683 Surface water concentrations are taken from the Record of

684 Decision (ROD) for the site, dated September 25, 1987.

685

686 The Acceptable Soil Concentrations in Table 3-1 are based on the

687 lowest of the risk-based concentrations for soil or subsurface

688 water ingestion.

689

690 Table 3-2 presents the compounds detected in soils at the site at

691 levels above the Acceptable Soil Concentrations specified in

692 Table 3-1. Table 3-3 shows the vapor pressure and solubility of

693 these compounds.

694

695 3.3 Additional Work

696

697 If Additional Work is required under Section VII of the Consent
698 Decree, Settling Defendants shall either perform such Additional

699 Work as the Parties may agree or shall arrange with a Contractor

700 to perform the following additional work at the site unless the

701 parties agree otherwise:

702

703 o Maintain the RCRA-compliant (Subtitle C)

704 cover and the access restrictions.
705
706

707

-22-



TABLE 3-2
COMPOUNDS DETECTED IN THE SOIL AT CONCENTRATIONS
ABOVE THE ACCEPTABLE SOIL CONCENTRATIONS (1)

Compound

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Isophorone
Phenol

Acceptable Soil
Concentration

(ug/kg)

490
2,300
5.7
120

234,000
20
75

8,900
130

238,000
7,200

22
240

195,000

52
9,800

Maximum Detected
Concentration

(ug/kg)

650,000
2,900
35,000

380
1,500,000
310,000

2,800,000
190,000
650,000

2,000,000
1,100,000

550
4,800,000
6,800,000

440,000
570,000

(1) Acceptable Soil Concentrations are determined in accordance
with Footnotes 5, 6, and 7 of Table 3-1.



TABLE 3-3
CHEMICAL PROPERTIES OF ORGANIC COMPOUNDS
DETECTED IN THE SOILS AT CONCENTRATIONS

ABOVE THE ACCEPTABLE SOIL CONCENTRATIONS (1)

Compound
Solubility
(ug/1)

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Isophorone
Phenol

1,000,000,000
8,200,000
5,500,000
2,250,000
152,000

20,000,000
268,000,000
17,000,000

200,000
535,000

4,400,000
4,500,000
1,100,000
198,000

12,000
93,000,000

Vapor Pressure
(mm Hg)

270
151
182
600
7

362
77.5

6
17.8
28.1
123
30

57.9
10

0.38
0.341

(1) Acceptable Soil Concentrations are determined in accordance
with Footnotes 5, 6, and 7 of Table 3-1.

REFERENCES:

U.S. EPA, "Superfund Public Health Evaluation Manual," 1986.

U.S. EPA, "Water-Related Environmental Fate of 129 Priority
Pollutants," December 1979.



708 o Construct a water interception trench around

709 the south and east sides of the ECC site as

710 depicted in Figures 3-1 and 3-2.

711

712 o Collect and transport subsurface water

713 intercepted in this trench to the

714 Indianapolis POTW (via the NSL pipeline or

715 tank truck), or provide other appropriate

716 handling and treatment of such water in

717 accordance with applicable Federal, State and

718 local requirements.

719

720 o Subsurface water will continue to be removed

721 and handled in this manner until two

722 consecutive, semi-annual subsurface water

723 samples collected from the interception

724 trench show that the Acceptable Stream

725 Concentrations in Table 3-1 or Applicable

726 Background Concentrations have been met

*̂ » 727 unless the Parties to the Decree otherwise

728 agree or the Court orders that said remedial

729 activities may be terminated.

730

731 o Semi-annual monitoring of off-site wells and

732 surface water will continue for five years

733 after any additional remedial measures have

734 achieved the Acceptable Stream Concentrations

735 in Table 3-1 or Applicable Background

736 Concentrat ions.

737

738

739
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NOTES:

1) DEPTH OF TRENCH WILL VARY DEPENDING
ON DEPTH OF GLACIAL TILL LAYER. BOTTOM
OF TRENCH TO BE LOCATED ~ 1 '-0" ABOVE
UNDERLYING GLACIAL SAND.

2) INTERCEPTION TRENCH WILL BE LOCATED
BETWEEN REMEDIAL AREA BOUNDARIES
AND UNNAMED DITCH.

3) LOW POINT(S) FOR INTERCEPTION TRENCH WILL
BE DETERMINED DURING FIELD INVESTIGATION
WORK REQUIRED FOR CONSTRUCTION OF THE TRENCH
SUMP(S) AND ASSOCIATED PUMPING SYSTEM(S) WILL
BE CONSTRUCTED AND INSTALLED BASED UPON
LOCATION OF LOW POINT(S). THE LOCATION OF THE
SUMP SHOWN IS ILLUSTRATIVE ONLY.
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740 Nothing in this Section 3.3 shall prevent the Settling

741 Defendants, at their option, from undertaking Additional Work

742 under this section before the expiration of the 5 year period of
743 commencing operation of the soil vapor extraction system should

744 it become evident to them that the vapor extraction system will

745 not achieve compliance as defined in Section 4.2 and the
746 subsections thereof.

747

748

749 4.0 REMEDIAL ACTION COMPLIANCE MONITORING

750

751 The soil vapor extraction system described herein is designed to

752 achieve the required removals of VOCs, phenol and isophorone from
753 the soil to the standards presented in Section 3.0. The time

754 required to accomplish this removal depends on the type of

755 compound and soil, air flow rate and temperature, and on an

756 efficient diffusion of air through the soil pores. The time

757 required for treatment was estimated using a vapor extraction

758 model, as described below and in Appendix C. Monitoring of vapor
759 from the combined vapor stream and from individual trenches, as

760 described below, will also be used to estimate completion of the

761 soil vapor extraction system operation. Afterwards, verification

762 of soil cleanup will be accomplished by: (1) soil vapor
763 monitoring of restart spikes; (2) on-site till water monitoring;
764 and (3) soil sampling. Additionally, compliance monitoring will

765 consist of sampling off-site till and sand and gravel monitoring

766 wells and surface water in Unnamed Ditch.

767

768

769

770

771
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772 4.1 Estimation of Completion of Vapor Extraction

773 System Operation

774

775 A computer model which simulates the vapor extraction system was
776 used to estimate the time required for removal of the maximum

777 detected soil concentrations to the Acceptable Soil
778 Concentrations specified in Table 3-1. Appendix C summarizes the
779 characteristics of the model and the data used. Based on the

780 model results, it is expected that after one year of operation,

781 all the VOCs, as well as phenol and isophorone, will be below the

782 Acceptable Soil Concentrations in Table 3-1 in a "worst case"

783 soil element which contains all the compounds at their maximum

784 detected concentrations.

785

786 The vapor extraction system is designed to permit vapor samples

787 to be obtained from each individual extraction trench and from

788 the combined vapor stream from all operating extraction trenches.

789

790 The combined vapor flow will be sampled daily during the first
791 week of operation, weekly for the following 4 weeks, and monthly
792 thereafter. Samples will be analyzed for VOCs in Table 3-1,

793 phenol, and isophorone. Also, the vapor flow rate will be

794 monitored and recorded to provide sufficient data to calculate
795 the mass of organics removed from the soils and the effectiveness
796 of the system. These data will also aid in estimating the

797 treatment time remaining, based on the calculated mass extraction

798 rate (Ibs/day) of the VOCs in Table 3-1, phenol, and isophorone.
799
800 Vapor samples from individual extraction trenches will be
801 collected at the beginning of the vapor extraction system
802 operation to establish a baseline of organics removal per trench.
803 These samples will be analyzed for the VOCs in Table 3-1, phenol,
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804 and isophorone. Once the mass rate extracted per day is reduced

805 to 5 percent of the initial week's rate, additional vapor samples

806 of individual trenches will be collected at least every two

807 months, to determine when individual extraction trenches can be

808 shut down. The criterion for shutting down individual trenches

809 will be that two consecutive air samples from an individual

810 trench show vapor concentrations to be in equilibrium with the

811 Acceptable Soil Concentrations in Table 3-1. Table 4-1 shows the

812 soil vapor concentrations in equilibrium with the Acceptable Soil
813 Concentrations for the VOCs in Table 3-1, phenol, and isophorone.

814 Appendix D presents the methodology used to arrive at these

815 equilibrium vapor concentrations.

816

817 4.2 Soil Cleanup Verification

818

819 Verification of soil cleanup ("Soil Cleanup Verification") will
820 be established when each of the following is met: (1) the soil

821 vapor from the restart spike tests shows compliance with the

822 calculated soil vapor concentrations in equilibrium with

823 Acceptable Soil Concentrations for the VOCs in Table 3-1, phenol,

824 and isophorone ("Soil Vapor Criterion"); (2) on-site till wells
825 show compliance with the Acceptable Subsurface Water
826 Concentrations specified in Table 3-1 or Applicable Background
827 Concentrations ("Onsite Till Water Criterion11) ; and (3) soil
828 samples show compliance with the Acceptable Soil Concentration as

829 specified in Table 3-1 ("Soil Sample Criterion"). If Soil
830 Cleanup Verification is not achieved, vapor extraction will be
831 restarted. If after five years from the initial commencement of

832 soil vapor extraction (or sooner at the option of the Settling

833 Defendants) , Soil Cleanup Verification has not been established,

834 then the Additional Work provisions of Section VII of the Consent
835 Decree will apply.
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TABLE 4-1
SOIL VAPOR CONCENTRATIONS IN EQUILIBRIUM
WITH ACCEPTABLE SOIL CONCENTRATIONS (1)

Compound (2)

Soil Vapor Concentration (3)

(mg/1) ppmv

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Isophorone
Phenol

0,
0,

0.613
2.46
0.014
2.045
0.167
0.079
0.408
685
116

0.431
8.29

0.0060
0.39
26.2

0.415
0.0053

254
496
3.4
515
42

22.4
139
233
16.8
147

2,819
1.1
71.5
4,794

76.1
1.4

(4)

(4)

(1) Acceptable Soil Concentrations are determined in
accordance with Footnotes 5, 6, and 7 of Table 3-1.

(2) Compounds above acceptable soil concentrations in Table
3-1 to be removed by vapor extraction.

(3) From Appendix D.
(4) Value shown is the vapor saturation concentration (see

Appendix D).



836 4.2.1 Soil Vapor Criterion

837

838 Once the combined vapor flow and individual trench vapor samples

839 show concentrations of Table 3-1 VOCs, phenol and isophorone at

840 or below their respective equilibrium soil vapor concentrations

841 shown in Table 4-1, the "restart spike" method on the combined
842 vapor flow will be used to demonstrate that the Soil Vapor

843 Criterion for Soil Cleanup Verification has been achieved.

844

845 The "restart spike" method consists of periodically shutting down

846 and restarting the vapor extraction system. By shutting down the

847 system, equilibrium conditions between the vapor space within the

848 soil and any remaining organics amenable to vapor extraction

849 within the soil matrix are re-established. Therefore, when the
850 vapor extraction system is restarted, the initial organics

851 concentration in the extracted gas will be higher than under

852 normal operation.

853

854 The restart spike procedure will include shutting down the vapor

855 extraction system for a period of three days. Upon restarting

856 the vapor extraction system, all extraction, and injection

857 trenches will be operated as during normal operation. A sample

858 of the combined soil vapor will be collected over a five-hour
859 period starting 30 minutes after restarting the vapor extraction
860 system. This sample will be representative of the soil vapor

861 concentrations in equilibrium with the soil concentrations,

862 because at 500 SCFM, the vapor extraction system will exchange
863 one pore volume of soil every five hours.
864
865

866

867
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868 Compliance with the Soil Vapor Criterion requires that analyses

869 of soil vapor samples collected from four consecutive restart

870 spikes conducted once every two weeks show that concentrations of

871 vocs in Table 3-1, phenol, and isophorone are at or below
872 equilibrium soil vapor concentrations shown in Table 4-1 and

873 therefore by calculation can be shown to be at or below the
874 Acceptable Soil Concentrations in Table 3-1.
875
876 4.2.2 On-site Till Water Criterion

877

878 Samples of the subsurface water from the on-site till monitoring

879 wells will be collected quarterly during operating of the soil

880 vapor extraction system. The most recent quarterly sampling

881 results from the four on-site till water monitoring wells

882 following demonstration that the Soil Vapor Criterion has been

883 achieved (Section 4.2.1) will be used to demonstrate that the On-
884 site Till Water Criterion for Soil Cleanup Verification has been
885 achieved.

886

,,̂, 887 Compliance with this criterion requires that analyses of the

888 water samples collected from each of the four on-site till wells

889 show that the concentrations for parameters with Acceptable
890 Subsurface Water Concentrations in Table 3-1 are at or below the
891 Acceptable Subsurface Water Concentrations in Table 3-1 or
892 Acceptable Background Concentrations.
893
894 4.2.3 Soil Sample Criterion

895

896 Once the Soil Vapor Criterion and Onsite Till Water Criterion for

897 Soil Cleanup Verification have been demonstrated as defined
898 above, a total of sixteen soil samples from "hot" spot areas
899 selected by EPA and the State, plus four non-background samples
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900 from randomly selected points elsewhere onsite will be collected.

901 The total number of soil samples used to demonstrate that the
902 Soil Sampling Criterion for Soil Cleanup Verification will not
903 exceed 20. Each soil sample will be analyzed for the VOCs in

904 Table 3-1 and phenol. Compliance with this criterion for all

905 VOCs in Table 3-1 and phenol relative to the Acceptable Soil

906 Concentration in Table 3-1 is described in Footnote 6 of Table 3-

907 l. Compliance with this criterion for isophorone is described in
908 Footnote 7 of Table 3-1.

909

910 In the event that the soil sampling results do not demonstrate

911 compliance with the Soil Sample Criterion as defined in Table 3-

912 1, and the soil vapor extraction system is operated for an
913 additional period of time, an additional number of samples (not
914 to exceed 20) must be taken. The location of any additional
915 samples will be in the same approximate location (i.e., within a
916 3-foot radius) as an initial sample location, and no more than
917 one additional sample from each of the initial sample locations

918 will be taken. Results from this second sampling will be

919 analyzed using the identical procedure outlined above to

920 demonstrate compliance with this criterion, except that if less

921 than 20 additional samples are taken, analytical results from the
922 initial sampling from any location from which an additional
923 sample was not collected will be used in conjunction with the
924 analytical results from any additional samples collected to
925 determine compliance with the Acceptable Soil Concentrations in
926 Table 3-1 as described in Footnotes 6 and 7 of Table 3-1. If any
927 set of soil samples show compliance with this criterion then Soil

928 Cleanup Verification will have been achieved.
929
930

931
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932 4.3 Post Soil Cleanup Verification Compliance Monitoring

933

934 Once Soil Cleanup Verification has been achieved as prescribed in

935 Section 4.2, sampling of off-site till wells, on-site till wells,

936 off-site sand and gravel wells and surface water will be

937 conducted for seven years on a semi-annual basis.

938

939 Off-site wells and surface water will be analyzed for the

940 parameters with Acceptable Stream Concentrations in Table 3-1.

941 Onsite wells will be analyzed for parameters with Acceptable

942 Subsurface Water Concentrations in Table 3-1.

943

944 If the analytical results from any three consecutive semi-annual

945 samples collected during the sampling period or the final two

946 semi-annual samples do not show that: (1) the on-site till water

947 exceeds any Acceptable Subsurface Water Concentrations in Table

948 3-1 or Applicable Background Concentrations; and (2) the off-site

949 subsurface water and surface water exceed any Acceptable Stream

950 Concentration in Table 3-1 or Applicable Background

951 Concentration, then monitoring will be discontinued and the

952 Remedial Action deemed complete.

953

954 If this demonstration cannot be made, the Additional Work

955 provisions of Section VII of the Consent Decree will apply.
956
957

958 5.0 MISCELLANEOUS PROVISIONS AND SCHEDULING

959

960 The following documents have been submitted to EPA for approval:

961 (1) Health and Safety Plan, (2) Field Sampling Plan, and (3)

962 Quality Assurance Project Plan. Construction drawings and
963 contract specifications will be submitted to EPA within four
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ACTIVITY

DESIGN/APPROVAL
PREPARATION OF SVES CONSTRUCTION
DRAWINGS AND SPECIFICATIONS

EPA APPROVAL OF
PLANS ic SPECIFICATION

BID/AWARD

• SITE WORK (GRADING. DEMOLITION.

TRENCH. ACCESS DESTRUCTIONS)

• FIELD MECH. ELECTRICAL

• SVE MODULE/CARBON ADSORP.

• HOPE MEMBRANE

• WELL DRILLING

CONSTRUCTION

• DEMOLITION; SITE PREPARATION

• MONITORING WELLS

• TRENCH SYSTEM

• FIELD MECH./ELEC.

• COVER SYSTEM

• SVE MODULE/CARBON ADSORP.

• ACCESS RESTRICTIONS

STARTUP/OPERATION

SVES CHECKOUT
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SUBSURFACE & SURFACE WATER
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MONITORING (SEMI-ANNUAL)
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NOTES TO FIGURE 5-1

SVES ^ SOIL VAPOR EXTRACTION SYSTEM

SCHEDULE ASSUMES 12 MONTH OPERATION OF SVES. ACTUAL

PERIOD OF OPERATION COULD BE SHORTER OR LONGER

DEPENDING ON PERFORMANCE OF SVES. THE SCHEDULE

FOR EACH ACTIVITY LISTED BELOW "SVES OPERATION"

WILL BE ADJUSTED ACCORDINGLY AS DESCRIBED

IN SECTION 4.0 OF EXHIBIT A.

REMEDIAL ACTION
IMPLEMENTATION SCHEDULE

ERM-North Central, Inc.

FIGURE NO.

5-1
7/20/89
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964 months from the entry of the Consent Decree. Comments from EPA

965 will be addressed by the Settling Defendants.

966

967 Figure 5-1 sets forth the Remedial Action Implementation Schedule

968 for implementing the remedy required under the Consent Decree.

969 The following milestones have been established in Section XVII

970 (Stipulated Penalties) of the Consent Decree:

971

972 o Submission of the construction drawings and

973 contract specifications for the Remedial

974 Action Plan (RAP) within 4 months from the

975 entry of the Decree.

976

977 o Completion of site preparation, including

978 grading, removal of the tanks and buildings,

979 repair or moving of the fence, 4 months after

980 approval by EPA all of the above referenced

981 documents. Completion of the site

982 preparation shall mean that all hindrances,
983 obstructions or obstacles to construction and

984 security of the soil vapor extraction

985 trenches, monitoring wells or cap have been

986 removed.

987

988 o Completion of installation of the on-site and

989 off-site monitoring wells 5 months after

990 approval by EPA of all of the above

991 referenced documents.

992

993 o Startup of the soil vapor extraction system

994 10 months after approval by EPA of all of the
995 above referenced documents.
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996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

Completion of the installation of all

components of the RCRA-compliant (Subtitle C)

cover 11 months after approval by EPA of all

of the above referenced documents.

Submission of all documents necessary to

perform Additional Work that may be required

under Section VII of the Consent Decree 6

months after written notice has been provided

by EPA or Settling Defendants that Additional

Work needs to be implemented.

Completion of installation of the subsurface

water interception trench on a schedule to be

determined by EPA once the construction

drawings and contract specifications for the

Additional Work have been reviewed and

approved.
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APPENDIX A

ESTIMATE OF MASS OF ORGANICS IN THE SOILS
TO BE REMOVED BY VAPOR EXTRACTION



TP-7
TP-8
TP-8
TP-9
TP-9
TP-10
TP-10
TP-11
TP-11
TP-12
TP-12

SB-01
SB-02
SB-03
SB-04
SB-06
SB-08
SB-09
SB-01
SB-02
SB-04
SB-08
SB-09

APPENDIX A
ESTIMATE OF MASS OF ORGANICS IN THE SOILS

TO BE REMOVED BY VAPOR EXTRACTION

Location

TP-1
TP-2
TP-3
TP-4
TP-4
TP-5
TP-5
TP-6
TP-6
TP-6
TP-7

Sampling depth
(ft)

1
1
1
1

2.5
1
2
1
2
4
1

- 1.5
- 1.5
- 1.5
- 2
- 3.5
- 2
- 3
- 2
- 3
- 5
- 2.5

Assumed Total
contamination concentration
depth (ft) (ug/kg)

2
2
2

2.5
4
2

1.5
2

1.5
1.5
2.5

1,972
28

108,800
99,730
4,416
24,287

291
12,468,000

22,690
2,416

267,000

Mass
(Ib)

0.271
0.004
14.978
17.162
1.216
3.343
0.030

1,716.410
2.343
0.249
45.946

2.5 - 4
1 - 2.5
2.5 - 4
1 - 3
3 - 5
1 - 3
3 - 5
1 - 3
3 - 5
1 - 3
3 - 5

2.5
2.5
2.5

4
4
4

2 - 3.5
2 - 3.5
2.5 - 4
2.5 - 4
5.5
5.5

6.5
8.5

7
7

5 -
7 -
5.7 - 7

2
2.5
2
3

2.5
3

2.5
3

2.5
3

2.5

3
3
3

2.5
2.5

3
3
2
2
2
2
2

280,090
3,687

433,600
14,604,000

130
958
432
130
67

35,030
3,609

3,303
12,900
70,070

175
222,010
3,012
61,490

27
34
51
188

8,069

38.559
0.634
59.692

3,015.694
0.022
0.198
0.074
0.027
0.012
7.234
0.621

0.682
2.664
14.469
0.030
38.204
0.622
12.698
0.004
0.005
0.007
0.026
1.111

TOTAL ORGANICS TO BE REMOVED BY VAPOR EXTRACTION, Ib 4,995

* The area contaminated is assumed to be a 25'x25' square around
each sampling location. TP = test pit; SB = soil boring.
Soil concentrations from ECC RI, Section 4.
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CALCULATION OF RISK-BASED CLEANUP STANDARDS



APPENDIX B

CALCULATION OF RISK-BASED CLEANUP STANDARDS

The equations used to calculate risk-based concentrations are

shown in Table Bl. The ingestion rates and acceptable risks are

listed in Table B2. The potency factors and references doses for

compounds without any regulatory or background level are from a

memorandum from the USEPA Toxics Integration Branch, OERR,

Washington, D.C., dated December 19, 1988, with the Corrections

to the July, 1988 Update of the Characterization Tables in the

Superfund Public Health Evaluation Manual.

Table B3 presents the calculation of risk-based acceptable

subsurface water concentrations in the till for compounds without

a regulatory limit (drinking water Maximum Contaminant Level,

Maximum Contaminant Level Goal or lifetime health advisory or a

stream criterion as listed in Table 1 of the Record of Decision

for the site). Table B4 shows that the resulting concentrations

of inorganic compounds at Unnamed Ditch should be below the

Stream Criteria presented in Table 1 of the Record of Decision

(ROD) for the site, dated September 25, 1987. The dilution

obtained from discharge of the subsurface water in the till to

Unnamed Ditch is 1:1800, as presented in Appendix C of the ECC

Remedial Investigation. Note that most of the calculated

concentrations in the ditch are below detection limits.

Tables B5 and B6 list the acceptable risk-based soil

concentrations, based on soil and subsurface water ingestion,

respectively. The calculation of acceptable soil concentrations

based on subsurface water ingestion follows the procedures

presented in Appendix C of the ECC RI. Only those organic

compounds without regulatory limit (USEPA, Polychlorinated

B-l



TABLE B1
EQUATIONS USED TO CALCULATE RISK-BASED CONCENTRATIONS *

SOIL (concentrations in ug/kg):

Risk * Body Weight (kg) * 1000 (ug/mg) * 1000 (g/kg)

Ingestion rate (g/d) * Potency Factor (mg/kg/d)-1

Risk * Body Weight (kg) * Reference Dose (mg/kg/d) * 1000 (ug/mg) * 1000 (g/kg)

Ingest ion rate (g/d)

SUBSURFACE WATER (concentrations in ug/l):

Risk * Body Weight (kg) * 1000 (ug/mg)

Ingestion rate (l/d) * Potency Factor (mg/kg/d)-1

Risk * Body Weight (kg) * Reference Dose (mg/kg/d) * 1000 (ug/mg)

Ingestion rate (l/d)



TABLE B2
INGEST ION RATES AND ACCEPTABLE RISKS

INGEST ION RATES * :

SOILS:

0.1 grams per day by a 70-kilogram person for 70 years

or

0.2 grams per day by a 17-kilogram child for 5 years

SUBSURFACE WATER:

2 liters of water per day by a 70-kilogram person for 70 years

ACCEPTABLE RISKS:

COMPOUNDS WITH POTENCY FACTORS:

-6
10

COMPOUNDS WITH REFERENCE DOSES:

1

* From U.S. EPA, RCRA Facility Investigation Guidance, 1987, and
U.S. EPA, Office of Solid Waste and Emergency Response, Memorandum
on Interim Final Guidance for Soil Ingest ion Rates, January 27,
1989.



ECC
TABLE 83

ACCEPTABLE HEALTH-BASED SUBSURFACE WATER CONCENTRATIONS

Compound (1)

Potency
Factor (2)
(mg/kg/d)-1

Reference
Dose (2)
<mg/kg/d>

Acceptable
Health-Based

Subsurface Water
Concentration (3)

(ug/l)

VOLATILE ORGAN ICS (VOCs):
Acetone 0.1 3,500
1,1-Dichloroethane 0.091 0.38
Methylene Chloride 0.0075 4.7
Methyl Isobutyl Ketone 0.05 1,750
Tetrachloroethene 0.051 0.69
1,1,2-Trichloroethane 0.057 0.61

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate 0.014 2.5
Di-n-Butyl Phthalate 0.1 3,500
Diethyl Phthalate 0.8 28,000
Isophorone 0.0041 8.5
Naphthalene 0.4 14,000
Phenol 0.04 1,400

PESTICIDES/PCBs:
Aroclor-1232 7.7 0.0045
Aroclor-1260 7.7 0.0045

INORGANICS:
Antimony
Beryllium
Manganese
Tin
Vanadium
Zinc

0.0004
0.005
0.2
0.6

0.007
0.2

14
175

7,000
21,000

245
7,000

(1) Only compounds without a regulatory limit (drinking water Maximum
Contaminant Level [40 CFR 141], Maximum Contaminant Level Goal or
lifetime health advisory) are shown.

(2) From USEPA Toxics Integration Branch, OERR, Washington, D.C. December
1988 correction to the July 1988 Update of the Risk Characterization
Tables in the Superfund Public Health Evaluation Manual.

(3) Acceptable subsurface water concentrations calculated using an
ingestion rate of 2 liters per day by a 70 kg adult for 70 years.
Acceptable risk = 1E-06 for compounds with potency factor and 1 for
compounds with reference dose.



TABLE B4
COMPARISON OF ACCEPTABLE STREAM CONCENTRATIONS
WITH STREAM CONCENTRATIONS BASED ON NATURAL
DISCHARGE OF SUBSURFACE WATER FROM THE TILL

Compounds (1)

Acceptable
Stream

Concentration
(ug/1)

(1)

Concentration at
Unnamed Ditch due

to Discharge of Till
Water at Acceptable
Concentrations (2)

(ug/1)

VOLATILE ORGANICS (VOCs) :
Chloroform
1, 1-Dichloroethene
Ethylbenzene
Methylene Chloride
Tetrachloroethene
Toluene
1,1, 1-Trichloroethane
1,1, 2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGANICS:
Bis ( 2 -ethy Ihexyl ) phthalate
Di-n-Butyl Phthalate
Diethyl Phthalate
Naphthalene
Phenol

INORGANICS:
Arsenic
Chromium
Lead
Nickel
Zinc
Cyanide

15.7
1.85
3,280
15.7
8.85
3,400
5,280
41.8
80.7

50,000
154,000
52,100

620
570

0.0175
11
10
100
47
5.2

0.056
0.0039

1.9
0.0026
0.00038

5.8
0.11

0.00034
0.0028

0.0014
1.9
15.6
7.8
0.78

0.028
0.028
0.028
0.39
3.9
0.39

(1) From Table 1 of the Record of Decision (ROD) for the site,
September 25, 1987. Only those compounds detected in ECC soil
samples that are listed in this table are shown.

(2) Assuming a dilution of 1:1800 for natural discharge of till
water at acceptable concentrations into Unnamed Ditch (from ECC
Remedial Investigation, Appendix C).



TABLE 85
ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON SOIL INGEST ION

Compounds (1)

Potency
Factor (2)

<mg/kg/d)-1

Reference
Dose (2)
(mg/kg/d)

Acceptable Soi I
Concentrations
Based on Soil
Ingest ion (3)
(ug/kg)

Range of Acceptable
Soil Concentrations Based
on Soil Ingest ion (4)

(ug/kg)

VOLATILE ORGAN ICS (VOCs):
Acetone
Chlorobenzene
Chloroform 0.0061
1,1-Dichloroethane 0.091
1,1-Dichloroethene 0.6
Ethylbenzene
Methylene Chloride 0.0075
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene 0.051
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane 0.057
Trichloroethene 0.011
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate 0.014
Di-n-Butyl Phthalate
Diethyl Phthalate
Isophorone 0.0041
Naphthalene
Phenol

0.1
0.03

0.1

0.05
0.05

0.3
0.09

2

8,500,000
2,550,000
114,754
7,692
1,167

8,500,000
93,333

4,250,000
4,250,000

13,725
25,500,000
7,650,000

12,281
63,636

170,000,000

0.1
0.8

0.4
0.04

50,000
8,500,000
68,000,000

170,732
34,000,000
3,400,000

8,500,000
2,550,000

11,475-11,475,400
769-769,200

116.7-116,700
8,500,000

9,333-9,333,300
4,250,000
4,250,000

1,373-1,372,500
25,500,000
7,650,000

1,228-1,228,100
6,364-6,363,600
170,000,000

5,000-5,000,000
8,500,000
68,000,000

17,073-17,073,200
34,000,000
3,400,000

NOTES:

(1) Only organic compounds without a regulatory limit in soils (USEPA, "Polychlorinated Biphenyls
Spill Cleanup Policy Rule," 40 CFR Part 761) are shown.

(2) From USEPA Toxics Integration Branch, OERR, Washington, D.C. December 19, 1988, "Corrections
to the July 1988 Update of the Characterization Tables in the Superfund Public Health
Evaluation Manual."

(3) Intake for compounds with potency factor: 0.1 g of soil/d by 70 kg resident adults. Intake
for compounds with reference dose: 0.2 g of soil/d by 17 kg resident children. Acceptable
risks: 1E-06 for compounds with potency factor; 1 for compounds with reference dose.

(4) Range shown is for risks of 10-4 to 10-7 for compounds with potency factor. The value shown
for compounds without potency factor is for a risk of 1.



TABLE B6 (Page 1 of 2)
ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON THEORETICAL SUBSURFACE WATER INGEST ION AT THE SITE (10-6 RISK)

Compound (1)
Solubility (2)

(ug/l) Log Kou (2) Kd (3)

Acceptable
Subsurface Water
Concentration (4)

(ug/l)

Acceptable
Leachate

Concentration (5)
(ug/l)

Acceptable Soil
Concentration
Based on Water
Ingest ion (6)

(ug/kg)

VOLATILE ORGANICS (VOCs):
Acetone 1,000,000.000
Chlorobenzene 466,000
Chloroform 8,200,000
1,1-Dichloroethane 5,500,000
1,1-Oichloroethene 2,250,000
Ethylbenzene 152,000
Methylene Chloride 20,000,000
Methyl Ethyl Ketone 268,000,000
Methyl Isobutyl Ketone 17,000,000
Tetrachloroethene 200,000
Toluene 535.000
1,1,1-Trichloroethane 4,400,000
1,1,2-Trichloroethane 4,500,000
Trichloroethene 1,100,000
Total Xylenes 198,000

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate 1,300
Di-n-Butyl Phthalate 13,000
Diethyl Phthalate 4,320,000
Isophorone 12,000
Naphthalene 30,000
Phenol 93,000,000

0.24
2.84
1.97
1.79
1.84
3.15
1.25
0.26

2.88
2.69
2.17
2.17
2.29
3.26

8.7
5.2

3.22

3.01
1.46

0.00071
0.858
0.116
0.076
0.086
1.75
0.022

0.00226
0.02604

0.941
0.607
0.183
0.183
0.242
2.26

621472
197
2.06
O.D31
1.269
0.036

3,500
60
100
0.38

7
680
4.7
170

1,750
0.69
2,000
200

0.61
5

440

2.5
3,500
28,000

8.5
14,000
1,400

RB
MCLGP
MCL
RB
MCL
MCLGP
RB
LOWHA
RB
RB
MCLGP
MCL
RB
MCL
HCLGP

RB
RB
RB
RB
RB
RB

686,275
11,765
19,608
74.5
1.373

133.333
922

33.333
343.137

135
392.157
39,216

120
980

86,275

490
686.275

5,490,196
1,667

2,745.098
274,510

490
10,093
2.269
5.7
118

233.540
20.3
75

8.935
127

238.167
7.193
21.9
237

194,672

304,643.220
134,871.303
11,298,207

51.7
3.483,209

9,817



TABLE B6 (Page 2 of 2)

ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON THEORETICAL SUBSURFACE WATER INGEST ION AT THE SITE (10-6 RISK)

(1) Only organic compounds without a regulatory limit in soils (USEPA, "Polychlorinated Biphenyls Spill Cleanup Policy Rule,"
40 CFR Part 761) are shown.

(2) From ECC RI, Table 4-4, and Verschueren, 1983, "Handbook of Environmental Data on Organic Chemicals".
(3) From ECC RI, Table 4-4. Calculated as 10"log Kou * OC, where OC= organic carbon content = 0.00124. For isophorone and

methyl isobutyl ketone, the Kd is obtained as Kd = Koc * OC, where Koc = organic carbon-water partition coefficient,
obtained from log Koc = (-O.SS * log S) + 3.64 (Exhibit A-1 of "Superfund Public Health Evaluation Manual," 1986).

(4) RB = risk-based concentration, from Table 83; MCL = Maximum Contaminant Level, from 40 CFR 141; MCLGP = proposed MCL goal,
from 40 CFR 141; LDUHA = lifetime drinking water health advisory, from "Superfund Public Health Evaluation Manual," 1986.

(5) Leachate discharge/subsurface water discharge = 0.0051 (Appendix C of the ECC RI; and reduction of the 7.8 in/yr recharge
used in the RI under the current conditions [page 5-8] by 99 percent due to the cap).

(6) Soil concentration (ug/kg) = Kd * Concentration in leachate (ug/l).



Biphenyls Spill cleanup Police Rule, 40 CFR Part 761) in soils
are listed in Tables B5 and B6. It is conservatively assumed
that the volume of leachate from the soils will be reduced by 99
percent from the 7.8 in/yr used in the RI, by installing the
RCRA-compliant (Subtitle C) cover over the site.

A range of acceptable soil concentrations based on water
ingestion using the published ranges for organic carbon content
of till soils and the SARA range of risk for Superfund site
cleanups, is presented in Table B7. A list of organic carbon
content in soil is shown in Table B8, with the respective
reference. The concentrations shown in Table B6 were used to
determine the Acceptable Soil Concentrations specified in Table
3-1, using a risk of 10~6 and a soil organic carbon content of
0.12%, as presented in the RI. This soil organic carbon content
was deemed conservative when compared to the values shown in
Table B8.

Table B9 lists the solubility and vapor pressure of the organic
m0> compounds detected in the soils above the limits shown in Tables

B5 and B6. All compounds, except bis(2-ethylhexyl)phthalate and
Aroclor-1260, are amenable to removal by soil vapor extraction.

Finally, Table BIO presents the complete list of references used
for the calculation of the Acceptable Soil Concentrations
specified in Table 3-1.

B-2



Compound (1)

TABLE B7
ECC - ACCEPTABLE SOIL CONCENTRATIONS BASED ON THEORETICAL SUBSURFACE

UATER INGESTION AT THE SITE (RANGE OF RISKS)

Acceptable Soil Concentration Based on Water Ingest ion (3)

Range of Kd (2) Range for 10-4 risk Range for 10-7 risk

VOLATILE ORGANICS (VOCs):
Acetone
Chlorobenzene
Chloroform
1 , 1 -Dich loroethane
1, 1-Dichloroethene
Ethylbenzene
Hethylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trich loroethane
1, 1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate
Di-n-Butyl Phthalate
Diethyl Phthalate
Isophorone
Naphthalene
Phenol

0.000058-0.0044
0.069-5.24
0.0093-0.71
0.0062-0.47
0.0069-0.52
0.14-10.7

0.0018-0.14
0.00018-0.014
0.0021-0.16
0.076-5.78
0.049-3.72
0.015-1.14
0.015-1.14
0.020-1.52
0.18-13.7

50100-3810000
15.8-1200
0.17-12.9

0.0025-0.19
0.1-7.6

0.0029-0.22

40-3.019
814-61,600
182-13,900
46-3,500

9.47-714
18,800-1,431,000

166-12,900
6.07-461
721-54,900

1,028-78,200
19,200-1,460,000

588-44,700
179-13,600
19.6-1,490

15,700-1,193,000

2,460,000,000-187,000,000,000
10,800,000-824,000,000

933,000-70,800,000
417-31,700

275,000-20,900,000
796-60,400

40-3,019
814-61,600
182-13,900

0.046-3.50
9.47-714

18,800-1,431,000
0.166-12.9
6.07-461
721-54,900
1.03-78.2

19,200-1,460,000
588-44,700

0.179-13.6
19.6-1,490

15,700-1,193,000

2,460,000-187,000,000
10,800,000-824,000,000

933,000-70,800,000
0.417-31.7

275,000-20,900,000
796-60,400

(4)
(5)
(5)

(5)
(5)

(5)
(4)

(5)
(5)

(5)
(5)

(4)
(4)

(4)
(4)

NOTES:

CD Only organic compounds without a regulatory limit in soils (USEPA, "Polychlorinated Biphenyls Spill Cleanup
Policy Rule," 40 CFR Part 761) are shown.

(2) For a range of organic carbon content of 0.0001 to 0.0076 obtained from: U.S. Department of Agriculture,
"Soil Classification - A Comprehensive System". Soil Conservation Service, 7th Approximation, 1960.
Calculated as presented in Table B6.

(3) Acceptable Soil Concentrations at the risk shown (for compounds with potency) for a range of organic
carbon content of 0.0001 to 0.0076. Calculated as presented in Table B6.

(4) Acceptable Soil Concentration range does not change because the compound does not have a potency factor.
(5) Acceptable Soil Concentration range does not change because the value is based on regulatory limits

(drinking water Maximum Contaminant Level, Maximum Contaminant Level Goal, or lifetime health advisory).



TABLE B8 (Page 1 of 5)
ORGANIC CARBON CONTENT OF SOILS - REFERENCES

Organic Carbon
Content, X

0.125
(avg over 1.5
acre site)

0.2
(avg over 1.5
acre site)

0.26
( avg over 1 . 5
acre site)

Type of Soil
(depth)

Loamy sand
(4 ft)

Loamy sand
(2 and 3 ft)

Loamy sand
(1 ft)

Geographic Area

Etiwanda, CA
(arid region)

Ibid

Ibid

Reference

Elabd, H., and U.A. Jury. 1986. "Spatial variability
of Pesticide Adsorption Parameters." Environmental
Science and Technology, Vol. 20, No. 3, pp. 256-260.

Ibid

Ibid

1.9

0.15

2.1

0.11

1.3

0.02

0.52

Silt loam

Sand close to river

Air-dried soil

Loess sample

Soil

Aquifer --
Mater table zone

98 X sand

Aquifer --
water table zone

87 X sand

Corvallis, OR

Switzerland

Iowa

Turin, Iowa

Fern Clyffe
State Park, IL

Borden, Canada

Flint, MI

Chiou, C.T., P.E. Porter, and D.U. Schmeddign. 1983.
"Partition Equilibria of Nonionic Organic Compounds
between Soil Organic Hatter and Water." Environmental
Science and Technology, Vol. 17, No. 4, pp. 227-231.

Schwarzenbach, R.P., and J. Westall. 1981. "Transport
of Nonpolar Organic Compounds from Surface Water to
Groundwater. Laboratory Sorption Studies."
Environmental Science and Technology, Vol. 15,
No. 11, pp. 1360-1367.

Wu, S., and P.M. Gschwend. 1986. "Sorption Kinetics
of Hydrophobia Organic Compounds to Natural Sediments
and Soils." Environmental Science and Technology,
Vol. 20, No. 7, pp. 717-725.

Karickhoff, S.W. 1984. "Organic Pollutant Sorption
in Aquatic Systems." Journal of Hydraulic
Engineering, Vol. 110, No. 6, pp. 707-735.

Ibid

Abdul, A.S., T.L. Gibson, and D.N. Rai. 1986. "The
Effect of Organic Carbon on the Adsorption of
Fluorene by Aquifer Materials." Hazardous Waste and
Hazardous Materials. Vol. 3, No. 4, pp. 429-440.

Ibid

1.8 Aquifer --
water table zone

91 X sand

Flint, MI Ibid



TABLE 88 (Page 2 of 5)
ORGANIC CARBON CONTENT OF SOILS - REFERENCES

Organic Carbon
Content, X

0.05

Type of Soi I
(depth) Geographic Area Reference

Fine-sand soil Wilmington, DE Stokman, S.K. 1987. "Estimates of Concentrations of

0.1

0.05

0.27

0.74

0.44

0.12

Shaly-silt soil

Fine to coarse
sand, 96X sand

Lincoln fine sand
(surface soil)

Fine to medium
grained sand

(3 ft)

Fine to medium
grained sand

(7 ft)

Fine to medium
grained sand
(13 ft)

Philadelphia, PA

Michigan

Little Sandy Creek
near Ada, OK

Indian River
County, FL

Indian River
County, FL

Indian River
County, FL

Soluble Petroleum Hydrocarbons Migrating into Ground
Water from Contaminated Soil Sources." Proceedings
of the National Water Well Associat ion/American
Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground Water -
Prevention, Detection and Restoration. Houston, TX,
pp. 541-558.

Ibid

Chiang, C.Y., C.L. Klein, J.P. Salanitro, and H.L.
Wisniewski. 1986. "Data Analyses and Computer
Modelling of the Benzene Plume in an Aquifer Beneath
a Gas Plant." Proceedings of the National Water Well
Association/American Petroleum Institute Conference
on Petroleum Hydrocarbons and Organic Chemicals in
Ground Water - Prevention, Detection and Restoration.
Houston, TX, pp. 157-176.

Clark, G.L., A.T. Kan, and M.B. Tomson. 1986.
"Kinetic Interaction of Neutral Trace Level Organic
Compounds with Soil Organic Material." Proceedings
of the National Water Well Associat ion/American
Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground Water -
Prevention, Detection and Restoration. Houston, TX,
pp. 151-156.

Kemblouski, M.W., J.P. Salinatro, G.H. Deeley, and
C.C. Stanley. 1987. "Fate and Transport of Residual
Hydrocarbon in Groundwater - A Case Study."
Proceedings of the National Water Well Association/
American Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Ground Water -
Prevention, Detection and Restoration. Houston, TX,
pp. 207-231.

Ibid

Ibid



TABLE B8 (Page 3 of 5)

ORGANIC CARBON CONTENT OF SOILS - REFERENCES

Organic Carbon
Content, X

Type of Soil
(depth) Geographic Area Reference

Ibid0.36 Fine to medium
grained sand

(3 ft)

Indian River
County, FL

0.15 Fine to medium
grained sand
(13 ft)

Indian River
County, FL

Ibid

1.08 Fine to medium
grained sand

(2 ft)

Indian River
County, FL

Ibid

0.16 Fine to medium
grained sand

(11 ft)

Indian River
County, FL

Ibid

0.72 Fine to medium
grained sand

(3 ft)

Indian River
County, FL

Ibid

0.26

0.74

Fine to medium
grained sand
(10 ft)

Glacial till
(1-2 ft)

Indian River
County, FL

Sargent County,
NO

Ibid

"Soil Classification - A Comprehensive System."
1960. U.S. Department of Agriculture, Soil
Conservation Service, 7th Approximation.

0.33 Glacial til l
(2-3 ft)

Sargent County,
NO

Ibid

0.18 Glacial till
(4.5-5 ft)

Sargent County,
ND

Ibid

0.1 Till
(1-2 ft)

Strafford County,
New Hampshire

Ibid

0.08 Till
(2-3 ft)

Strafford County,
New Hampshire

Ibid

0.03 Till
.(4-5 ft)

Strafford County,
New Hampshire

Ibid

0.01 Till
(5-7 ft)

Strafford County,
New Hampshire

Ibid



TABLE 88 (Page A of 5)
ORGANIC CARBON CONTENT OF SOILS - REFERENCES

Organic Carbon
Content, X

0.59

0.27

0.08

0.38

0.16

0.17

0.14

0.76

0.3

0.19

0.51

0.18

O.t6

Type of Soil
(depth)

Calcareous,
glacial till
(1-2 ft)

Calcareous,
glacial till
(2-3 ft)

Calcareous,
glacial till
(4-5 ft)

Calcareous,
glacial till
(1-2 ft)

Calcareous,
glacial till
(2-3 ft)

Calcareous,
glacial till
(4.5-6.5 ft)

Calcareous,
glacial till
(6.5-7 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial till
(> 4 ft)

Glacial till
(1-2 ft)

Glacial till
(2-3 ft)

Glacial ti l l
(3.5-5 ft)

Geographic Area

Greenbrier County,
West Virginia

Greenbrier County,
West Virginia

Greenbrier County,
West Virginia

Tomkins County,
New York

Tomkins County,
New York

Tonkins County,
New York

Tomkins County,
New York

Waseca County,
Minnesota

Waseca County,
Minnesota

Waseca County,
Minnesota

Sargent County,
NO

Sargent County,
ND

Sargent County,
ND

Reference

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid



TABLE 88 (Page 5 of 5)
ORGANIC CARBON CONTENT OF SOILS - REFERENCES

Organic Carbon
Content, X

Type of Soil
(depth) Geographic Area Reference

Ibid0.64 Firm, glacial till Spink County,
(1-2 ft) SO

0.36 Firm, glacial till Spink County,
(2-3 ft) SO

Ibid

0.31 Firm, glacial ti l l Spink County,
(4-5 ft) SO

Ibid

0.46 Glacial till
(1-2 ft)

Renville County,
NO

Ibid

0.24 Glacial till
(2-3 ft)

Renville County,
NO

Ibid

0.13 Glacial till
(4-5 ft)

Renville County,
NO

Ibid

0.25 Glacial till
(2-3 ft)

Adair County,
Iowa

Ibid

0.08

0.74

Glacial till
(> 6 ft)

Calcareous,
glacial till
(1-2 ft)

Adair County,
Iowa

Ward County,
NO

Ibid

Ibid

0.2

0.19

Calcareous,
glacial till
(2-3 ft)

Calcareous,
glacial till
(4-5 ft)

Ward County,
NO

Ward County,
NO

Ibid

Ibid

0.35 Glacial till
(1-2 ft)

Cayuga County,
NY

Ibid

0.1

0.12

Glacial till
(2-3 ft)

Glacial till
(6-7 ft)

Cayuga County,
NY

Cayuga County,
NY

Ibid

Ibid



TABLE B9
CHEMICAL PROPERTIES OF ORGANIC COMPOUNDS
DETECTED IN THE SOILS AT CONCENTRATIONS

ABOVE THE ACCEPTABLE SOIL CONCENTRATIONS (1)

Compound
Solubility
(ug/1)

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGANICS:
Bis(2-ethylhexyl)phthalate
Isophorone
Phenol

PESTICIDES/PCBs:
Aroclor-1260 (2)

1,000,000
8,200
5,500
2,250
152

20,000
268,000
17,000

200
535

4,400
4,500
1,100
198

,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000

1,300
12,000

93,000,000

2.7

Vapor Pressure
(mm Hg)

270
151
182
600
7

362
77.5

6
17.8
28.1
123
30

57.9
10

0.0000002
0.38
0.341

0.0000405

(1) Acceptable Soil Concentrations are determined in accordance
with Footnotes 5, 6, and 7 of Table 3-1.

(2) Soil limit assumed for PCBs is 10,000 ug/kg (40 CFR Part
761.125, "Polychlorinated Biphenyls Spill Cleanup Policy
Rule").

REFERENCES:
U.S. EPA, "Superfund Public Health Evaluation Manual," 1986.
U.S. EPA, "Water-Related Environmental Fate of 129 Priority
Pollutants," December 1979.
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APPENDIX C

ECC - VAPOR EXTRACTION MODEL

This program was written in FORTRAN by Michael C. Marley and

George E. Hoag and reported in "Induced Soil Venting for

Recovery/Restoration of Gasoline Hydrocarbons in the Vadose

Zone," Proceedings, Petroleum Hydrocarbons and Organic Chemicals

in Ground Water Conference, Houston, TX, 1984.

The program is based on the concentration of each component in

the vapor phase in the soil, using the partial pressure exerted

by each compound, as expressed by the following equation:

VP * X * V * MW
ZT = R * T

where:

ZT = concentration of the component in the vapor phase, mg/1

VP = vapor pressure of compound, mm Hg

X = mole fraction = moles of component/total moles of organics

in soil
V = volume of element, liters

MW = molecular weight of component

R = gas constant =82.4 atm - cm3/gmoles°K

T = temperature = 294.25°K

C-l



The program uses the finite difference method to calculate the

change in number of moles of each component during a small time

interval (i) and then recalculate over the next time interval

(i+1) , using the reduced number of moles resulting from

subtracting the change in number of moles calculated for interval

i from the number of moles present in the soil at the beginning

of interval i.

The program runs for a finite length of time or until all the

components are removed. The program was rewritten in BASIC and

applied to the ECC site.

Table C-l shows the chemical data used to run the model. The

compounds to be evaluated are those shown in Table 3-2, which are

amenable to removal by vapor extraction. The maximum detected

soil concentrations were taken from Section 4 of the ECC RI,

while the vapor pressure and molecular weight data are from

USEPA, "Superfund Public Health Evaluation Manual," 1986.

As there was significant variation of compounds concentrations

between soil samples at the site, a theoretical block size was

chosen. This theoretical soil block is 10 ft x 10 ft x 2 ft deep

and was assumed to contain all components of interest at their

maximum detected concentrations (Table C-l). Furthermore, it was

conservatively assumed that the air flow through the soil would

only be 15% efficient in removing the organics. In effect, this

represents a worst case estimate of the time required to remove

the organics from the soils. The mass of this block was

estimated as 10,200 kg.
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TABLE C1
CHEMICAL DATA OF COMPOUNDS

Maximum

Compound (1) U

VOLATILE ORGAN I CS:
Acetone
Chloroform
1 , 1 - D i ch I oroethane
1 , 1 -Dichloroethene
Ethyl benzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tet rach I oroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

BASE NEUTRAL/ACID ORGAN I CS:
Phenol
Isophorone

Molecular
leight (2)

58.1
119
99
97
106
85

72.1
100
166

92.1
133
133
132

94.1
138

Vapor
Pressure (2)

(mm Hg)

270
151
182
600
7

362
77.5
6

17.8
28.1
123
30

57.9

0.341
0.38

Detected Soi I
Concentration (3)

(ug/kg)

650,000
2,900
35,000

380
1,500,000
310,000

2,800,000
190,000
650,000

2,000,000
1,100,000

550
4,800,000

570,000
440,000

(1) Compounds shown are those amenable to soil vapor extraction.
(2) From U.S. EPA, "Superfund Public Health Evaluation Manual,"

1986.
(3) From ECC RI, March 1986.



The air flow rate was estimated as a fraction of the total air

flow rate to be used at the site (500 SCFM), based on the length

of injection trench influencing the assumed soil block (10 ft) as

a ratio of the total length of injection trenches (3,800 ft).

This represents an air flow rate of 37.26 liters per minute.

The results, summarized in Figure Cl, show that essentially no

VOCs will be present in the hypothetical soil element after 130

days of soil vapor extraction. To remove phenol and isophorone

to the Acceptable Soil Concentrations in Table 3-1, operation of

the vapor extraction system for a total of approximately 360 days

is necessary*

Actual large-scale soil vapor extraction systems have been

operated with excellent removals of compounds such as

tetrachloroethene, trichloroethene, 1,3-dichloropropene, methyl

ethyl ketone, methyl isobutyl ketone, toluene, and xylenes. Some

published references are:

o Lisiecki, J.B., and F.C. Payne. "Enhanced

V o l a t i l i z a t i o n : Possibilities,

Practicalities, and Performance." Presented

at the Engineering Foundation Conference,

Mercersburg, PA, August 7-12, 1988.

o Regalbuto, D.P., J.A. Barrera and J.B.

Lisiecki. "In-Situ Removal of VOCs by Means

of Enhanced Volatilization." Proceedings of

the Conference on Petroleum Hydrocarbons and

Organic Chemicals in Ground Water:

Prevention, Detection, and Restoration,

Houston, TX, November 9-11, 1988.
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Figure Cl

ECC VAPOR EXTRACTION MODEL RESULTS
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Ĉ/l

1600

1400

1200

1000

TIME (Days)



o Johnson, J.J., and R.J. sterrett. "Analysis

of In-Situ Soil Air Stripping Data."

Proceedings of the 5th National Conference on

Hazardous Wastes and Hazardous Materials, Las

Vegas, Nevada, April 19-21, 1988.

A full-scale vapor extraction system (Lisiecki and Payne, 1988)

was able to remove tetrachloroethene from 5,600,000 ug/kg to 17

ug/kg, as found by soil sample analysis, in 280 days. Therefore,

both theoretical models and actual results show that the required

removals will be accomplished by vapor extraction.

C-4



APPENDIX D

CALCULATION OF SOIL VAPOR
CONCENTRATIONS



APPENDIX D

CALCULATION OF SOIL VAPOR CONCENTRATIONS

The methodology to determine the soil vapor concentrations in

equilibrium with Acceptable Soil Concentrations in Table 3-1 is

presented below.

The soil vapor concentration of a chemical in equilibrium with

the concentration in the soil particles is a function of the soil

to water partition coefficient and of the air to water partition

coefficient [Lyman, W.J., W.F. Reehl and D.H. Rosenblatt,

"Handbook of Chemical Property Estimation Methods," McGraw-Hill,

Inc., 1982].

Since not all soil moisture will be evaporated during operation

of the vapor extraction system (the soil's hygroscopic water will

not be removed by the anticipated operating pressures), a

relationship between soil vapor and soil moisture concentrations

for the site's soils can be expressed as [Ibid] =

csv ~ H • csm

where:

Csv » concentration of compound in soil vapor, mg/1

H = Henry's Law Coefficient (nondimensional)

VD . MW
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Vp = vapor pressure of compound, mm Hg

MW = molecular weight of the compound, g/gmole

S = solubility of the compound, g/cm3

R = gas law constant = 62,361 mm Hg - cm3/gmole-°K

T = soil temperature = 283 °K

Csm = concentration of compound in soil moisture, rag/1

Similarly, the concentration in soil moisture in equilibrium with

the concentration in soil particles can be calculated as [Ibid] =

csm

where:

CSp =» concentration of compound in soil samples, rag/kg

K<j = soil-water partition coefficient, I/kg
[from Appendix B, Table B6]

Combining the two equations, a relationship between soil vapor

and soil samples concentration is obtained [Silka, L.R.,

"Simulation of the Movement of Volatile Organic Vapor Through the

Unsaturated Zone as it Pertains to Soil-Gas Surveys," Proceedings

of the NWWA/API Conference on Petroleum Hydrocarbons and Organic

Chemicals in Ground Water, 1986, p.204] =

csv ~ csp
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Table Dl presents the data and calculations of the soil vapor

concentration in equilibrium with the Acceptable Soil

Concentrations in Table 3-1. The results for ethylbenzene and

toluene are above the corresponding vapor saturation

concentration, or the concentration in vapor in equilibrium with

the pure compound. For these organics, the vapor saturation

concentration is presented in the column of soil vapor

concentrations in Table 4-1. The vapor saturation concentrations

for the compounds in Table Dl, assuming each compound is present

by itself in the soil vapor (i.e., molar fraction is equal to 1),

are shown in Table D2. The vapor saturation concentration is

calculated as:

Csat = VD . X . MW x 106

where:

Csat = vapor saturation concentration, mg/1

X = molar fraction of compound in vapor,
assumed to be 1

106 = factor to convert g/cm3 to mg/1
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TABLE D1 (Page 1 of 2)
SOIL VAPOR CONCENTRATIONS IN EQUILIBRIUM

UITH ACCEPTABLE SOIL CONCENTRATIONS (1)

Molecular
Weight (3)

CoMpound (2) (g/gaole)

VOLATILE ORGAN I CS (VOCs):
Acetone
Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tet r ach I oroethene
Toluene
1.1.1-Trichloroethane
1 , 1 ,2-Trichloroethane
Trichloroethene
Total Xylenes

BASE NEUTRAL/ACID ORGAN 1CS:
I sophorone
Phenol

58.1
119
99
97
106
84.9
72.1
100
166
92.1
133
133
132
106

138
94.1

Vapor
Pressure (3) Solubility (3)
(m Hg) (ug/l)

270
151
182
600
7

362
77.5
6

17.8
28.1
123
30

57.9
10

0.38
0.341

1,000,000,000
8.200,000
5.500,000
2.250,000
152,000

20.000,000
268.000,000
17,000.000

200.000
535.000

4.400.000
4,500,000
1.100,000
198,000

12,000
93,000.000

Soil -water
Henry's Law Partition
Constant (4) Coefficient (5)

(diownsionless) (I/kg)

0.000889
0.124
0.186
1.47
0.277
0.0871
0.00118
0.00200
0.837
0.274
0.211
0.0502
0.394
0.303

0.248
0.0000196

0.00071
0.116
0.076
0.086
1.75
0.022

0.00226
0.026
0.941
0.607
0.183
0.183
0.242
2.26

0.031
0.036

Acceptable Soil
Concentration (6]

(ug/kg>

490
2.300
5.7
120

1,200.000
20
780

8.900
130

1.250.000
7.200

22
240

195.000

52
9.800

Soil Vapor
Concentration (7)

(nig/ 1)

0.613
2.46
0.014
2.045
190

0.079
0.408
0.685
0.116
564
8.29

0.0060
0.39
26.2

0.415
0.0053

ppmv

254
496
3.39
515

47,776 (8)
22.4
139
233
16.8

191,994 (8)
2,819
1.09
71.5
4,794

76.1
1.36



TABLE D1 (Page 2 of 2)
SOIL VAPOR CONCENTRATIONS IN EQUILIBRIUM
WITH ACCEPTABLE SOIL CONCENTRATIONS (1)

NOTES:

(1) Acceptable Soil Concentrations are determined in accordance with Footnotes 5,6, and 7 of Table 3-1.
(2) Compounds above Acceptable Soil Concentrations in Table 3-1 to be removed by vapor extraction.
(3) Data fro* U.S. EPA, "Superfund Public Health Evaluation Manual," 1986.
(4) Calculated as:

(Vapor Pressure, mm Hg) * (Molecular Weight, g/gmote) * (1,000.000 ug/g) * (1,000 cm3/l)
Henry's Law Constant (nond intensions I) =

(Solubility, ug/l) * (R, mm Hg-cm3/gmole-K) * (T. K)
where: R - gas law constant = 62.361 mm Hg-cm3/gmole-K; and T = soil temperature = 283 K.

(5) From Appendix B, Table B6.
(6) From Table 3-1.
(7) Calculated as:

(Concentration in soil, ug/kg) * (Henry's Law Constant, nondimensional)
Concentration in soil vapor (mg/l) =

(Partition coefficient, I/kg) * (1000 ug/mg)

Concentration in soil vapor (ppmv) * (Concentration in soil vapor, mg/l) * (1000 l/m3) / (Factor, mg/m3/ppmv)

The factors for conversion of mg/m3 to parts per million by volume (ppmv) were obtained from Vershueren, K., "Handbook of Environmental
Environmental Data on Organic Chemicals." 2nd Edition, 1983.

(8) Value shown is higher than the vapor saturation concentration shown in Table D2.



TABLE 02
CALCULATION OF VAPOR SATURATION CONCENTRATIONS

Compound (1)

Vapor
Pressure (2)
(mm Hg)

Molecular
Weight (2)
(g/gmole)

Vapor Saturation
Concentration (3)

(ing/1)

VOLATILE ORGANICS (VOCs):
Acetone
Chloroform
1,1-Oichloroethane
1,1-Dichloroethene
Ethylbenzene
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total Xylenes

270
151
182
600
7

362
77.5
6

17.8
28.1
123
30

57.9
10

58.1
119
99
97
106
84.9
72.1
100
166

92.1
133
133
132
106

888.9
1018.2
1021.0
3297.8
42.0

1741.5
316.6
34.0
167.4
146.6
927.0
226.1
433.1
60.1

BASE NEUTRAL/ACID ORGAN ICS:
Isophorone 0.38 138
Phenol 0.341 94.1

2.97
1.8

(1) Compounds above Acceptable Soil Concentrations in Table 3-1 to be
removed by vapor extraction.

(2) Data from U.S. EPA, "Superfund Public Health Evaluation Manual," 1986.
(3) Calculated as:

Csat
Vp * x

R • T
» 1E+06

Where: Csat * vapor saturation concentration, mg/l; X = molar
fraction of compound in vapor, assumed to be 1; 1E+06 = factor to
convert g/cm3 to mg/l; MW = molecular weight of the compound,
g/gmole; R » gas lau constant, 62,361 mm Hg-cm3/gmole-K; and
T » soil temperature, 283 K.



ERM'North Central, Inc.

MEMORANDUM

DATE: August 31, 1989

TO: Al Sloan - CH2MHill

FROM: fRoy 0. Ballr
Subject: Technical Issues For Exhibit A

We propose that the following be added to Footnote 2: "all
subsurface samples for inorganic and PCB analysis will be
filtered."

Also, we propose that the following be added starting at line
774: "The procedures used to obtain "Confirmed" data shall
include reanalysis, resampling and the analysis of only undiluted
samples, unless dilution is required for quantification of a
specific compound. Sample results will be considered as positive
results only if the concentrations in the sample exceed ten times
the maximum amount detected in any blank."

Please call with your comments ASAP.

Imf
cc: ECC Negotiating Committee



ERM-North Control, Inc

MEMORANDUM

DATE: August 31, 1989

TO: Al Sloan

FROM: ,_Roy Bail / ̂  - . >

SUBJECT: ECC Exhibit A

We agree that only subsurface water samples should be filtered,
and that the reference to filtering the samples should be added
to both Footnotes 2 and 4.

We also agree with the wording changes you made, and will like to
slightly alter the language to read: "The procedures used to
obtain "Confirmed" data shall include reanalysis, resampling and
the analysis of only undiluted samples if a concentration is
qualified with a "J" (estimated concentration). If after
reanalysis and/or resampling using an undiluted sample the
concentration of a compound is still qualified with a "J", than
the result produced from undiluted samples will be used. "B"
qualified sample results will be considered as "Confirmed" data
only if the concentrations in the sample exceed ten times the
maximum amount detected in any blank for the media being
analyzed."

Imf
cc: ECC Negotiating Committee


